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SECTION | 
INTRODUCTION 


1-1. GENERAL. 


1-2. This is one of a series of manuals prepared to 
assist military personnel engaged in the general main- 
tenance and repair of aircraft. The area covered by 
this manual is that of the aircraft electrical system. 


1—3. The satisfactory performance of present-day air- 
craft depends to a very great extent on the continuing 
reliability of its electrical system. Improperly or care- 
lessly installed wiring can be a source of both imme- 
diate and potential danger, and many malfunctions and 
failures of the electrical system can be traced co this 
cause. The performance of the system depends on the 
quality of che design, plus the workmanship used in mak- 
ing the installation. The continued proper performance 
of the system depends on the ‘‘know-how’’ of the men 
who do the inspection, repair and maintenance. 


1—4, It is highly important therefore chat maintenance 
and repair operations, as well as the original installa- 
tion, be made in accordance with the best available 
techniques in order to eliminate possible failures or at 
least to minimize them. 


1-5. PURPOSE OF MANUAL 


1—6. The purposes for which this manual was written 
are as follows: 


a. To gather together under one cover the recommen- 
ded practices and techniques to be used for installing, 
repairing and maintaining aircraft electrical wiring. 


b. To standardize these techniques and methods so 
that electrical installations will be done in a uniform 
manner. 


c. Toindoctrinate all personnel with the importance 
of good workmanship. 


d. To point up the failures which may result from 
poor workmanship. 


e. Topromore safety by pointing out and prohibiting 
unsafe practices. 


1-7. SOURCE OF INFORMATION. 


1—8. The information contained in this manual repre- 
sents the best current knowledge and practice in the 
aircraft electrical field. It has been compiled with the 
cooperation and assistance of the country’s leading air- 
frame manufacturers, airline operators and military overs 
haul and repair bases. Many of the illustrations have 


been provided by the manufacturers of electrical acces- 
sories used in aircraft. 


1-9. SCOPE 


1-10. This manual covers all general purpose wiring 
and wiring devices in aircraft used for the interconnect- 
ion of equipment. It also includes thermocouple sys- 
tems and coaxial cabling. 


1—11. The manual is not concermed in any way with de- 
sign problems, or with the selection of wire, cable, con- 
nections, etc. However, in some cases, materials ac 
noted as meeting specific temperature or environmen 
al requirements. 


1-12. INTENDED USE. 


1—13, This manual is intended primarily for the use of 
personnel engaged in maintenance and repair under gove 
erment contract or at military bases. Its use is mane 
datory for such personnel, except where any procedure 
contained in it conflicts with any government specifis 
cation or document, in which case the government specie 
fication or document shall take precedence and a report 
describing the conflict shall be submitted. The manual 
will also be available to contractors as a guide and as 
recommended practice, but its use is not mandatory to 
these contractors. However, the practices used by the 
contractor will always be compatible with those of this 
publication so that modern techniques may be used to 
maintain the aircraft regardless of the manufacturer. 


1-14, The procedures described in this manual are 
compatible with those currently used by airframe manus 
facturers. Repair and maintenance accomplished in ace 
cordance with this book should result in a quality 
equivalent to that in the original installation. 


1-15. For specific installations, this manual is intend- 
edto be used in conjunction with applicable Handbook 
of Maintenance Instructions. Copies of Government 
Specifications and other official documents referenced 
herein may be obtained upon application to the Com- 
manding Officer, Naval Supply Depot, 5801 Tabor Aves 
nue, Philadelphia, Pa. 19120. Copies of the Depart 
ment of Defense Index of Specifications and Standards 
may be obtained by directing requests as follows: 


For Department of the Navy, to the Commanding Offi- 
cer, U.S. Naval Supply Deport, 5801 Tabor Avenue, 
Philadelphia, Pa. 19120 
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For Department of the Air Force, to the Commander, 
Wright-Patterson Air Force Base, USAF Engineering 
Specification and Drawing Branch, Administrative Serv- 
ices Office, Aten: EWB, Wright-Patterson Air Force 
Base, Ohio 


For other than official use, from the Superintendent 
of Documents, U.S. Government Printing Office, Wash- 
ington, D. C. 20402. 


1-16. ARRANGEMENT OF MATERIAL. 


1—17. The material comprising the manual is divided 
into sections. Each section describes and illustrates 
the recommended procedure for a single operation, or 
for a series of related operations. 


1-18. The first six sections contain procedures for pre- 
paring and identifying wire, and for assembling it to 
connectors, terminals, splices and taper pins. Later 
sections deal with procedures for thermocouple wiring, 
bonding and grounding, soldering, potting, routing and 
support of wire bundles, and preparation and inscalla- 
tion of conduit, buses, terminal blocks, junction boxes, 
lamps and protective devices. Directions for emergency 
repairs are found in the final section. 


1—19. The marerial in each section is arranged as far 


as possible inthe general order in which the operations 
are performed. Illustrations and tables are located as 


2 Change 2 


near as possible co the related text. Each section is 
headed by an introduction containing a short description 
of the subject and its function in the aircraft electrical 
system. Where necessary for clarity, a lise of defini- 
tions is included. | 


1—20. Also included in the introduction of each section 
is a listing of applicable government specifications for 
the various materials required, and design procedures 
on which these installation techniques are based. 


1-21. REVISIONS. 


1—22. Revisions and additions will be made from time 
to time to insure that the material in the manual will 
always reflece the best current techniques and keep 
abreast of the new developments in the field. Sugges- 
tions for correcting and improving this manual are in- 
vited and should be sent to: 


By Naval activities. 

Chief, Bureau of Naval Weapons, 
Department of the Navy, 
Washington D.C. 20360 


By Air Force activities: 

Headquarters, San Antonio Air Material Area, 
U.S. Air Force, 

Kelly Air Force Base, 

San Antonio, Texas 


By U. S. Army Activities: 

Commanding General, 

U. S. Army Aviation Systems Command, 
P. O. Box 209, 


Sct. Louis, Missouri 63166. 
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SECTION Il 
WIRE AND CABLE PREPARATION 


2-1. INTRODUCTION. 


2-2. GENERAL. In order to make installation, maine 
tenance and repair easier, runs of electric wire and 
cable in aircrafe are broken at specified locations by 
junctions such as connectors, terminal blocks, buses, 
etc. Before assembly to these junctions, wires and 
cables must be cut to length, identified, stripped and 
if required, tinned. 


2-3. SCOPE. This section describes and illustrates 
the recommended procedures for preparing wire and ca- 
ble for attachment to junctions, and for terminating 
shielded cable. 


2—4. DEFINITIONS. 


a. Insulated Wire. For purposes of electric and elec- 
tronic installation in aircraft, an insulated wire con- 
sists of a metal conductor covered with a dielectric or 
insulating material, (see figure 2—1). Insulated wire is 
usually referred toas ‘‘wire’’ and will be so designated 
in this manual. Wires used in aircraft contain stranded 
conductors for flexibility. Insulations may consist of 
several materials and layers to provide dielectric in- 
sulation, thermal protection, abrasion resistance, moist- 
ure resistance ‘and fluid resistance. Wires commonly 
used in aircraft are described in table 2—1. 


b. Cable. See figure 2—2. The term cable, as used in 
aircraft electrical installations includes the following: 


1. Two or more insulated conductors, contained in 
a@ common covering, or twisted together without a com- 
mon covering (multisconductor cable). 


2. A single insulated conductor, or two or more ip 
sulated conductors with an overall shield, or with an 
overall shield and a jacket over the shield (shielded 
cable). 


3. Two conductors twisted together (twisted pair). 


4. A single insulated center conductor with a me- 
tallic braided outer conductor (coaxial cable). The 
concentricity of center and outer conductor is carefully 
controlled during manufacture to insure that they are 
coaxial. 


Cables commonly used in aircraft are: 


MS25192, Spec. 
MIL-C-7078 


Single or multiple conductor, 
using MS25190 wire, shielded 
with tinned copper braid. 


Similar to MS25192, but covered 
with a nylon jacket. 


MS25 313, Spec. 
MIL-C-7078 


Spec. MIL-C-27500. Single or multiple conductor, 
using any wire in Table 2-1, 
shielded with tinned, silver- 
coated, or nickel-coated copper 
braid as appropriate and covered 


with appropriate jacket. 


Spec. MIL-C-5756. Single or multiple conductor, 
rubber insulated conductor, rub- 


ber jacket. 


Spec. MIL-C-17. Coaxial cable. 


NOTE 
Instructions for coaxial cable are in section IV. 


c. Soft Solder. For use in aircraft electrical in- 
stallations, soft solder is a mixture of 60% tin and 40% 
lead, as described in Federal Specification QQ-S-57L 
It may be inbar form to be melted for tinning, or in the 
form of rosin core wire solder for use with soldering 
iron. 


d. Flux. For use with soft solder, flux is water 
white rosin, dissolved to paste-like consistency inde- 
natured alcohol. 


2-5. REFERENCE SPECIFICATIONS AND 
DRAWINGS 


QQT-25 Tape, Electrical Wire, Flexible Insula- 
ting Sleeving, Marking Machine, (Foil, 
Wire Identification Marking) 

QQ-S-571 Solder: Lead Alloy, Tin Lead Alloy, anc 
Tin Alloy 

MIL-I-631 Insulation, Electrical, Synthetic «esin 
Composition, Nonerigid 

MIL-T-713 Twine and Tape, Lacing and Tying, for 
use in Electrical and Electronic Equip- 
ment 

MIL-C-1140 Glass Fiber; Yarn, Cordage, Sleeving, 
Cloth and Tape 

MIL-I-3158 Insulation Tape, Electrical Glass-Fiber 
(Resin Filled); and Cord, Fibrous Glass 

MIL-I-3190 =Insulation, Electrical, Sleeving, Flex- 


ible, Treated 


Section Il 
Paragraph 2-5 


MIL-M-45 28 
MIL-W-5086 
MIL-W-5088 
MIL-A-6091 
MIL-S-6872 


MIL-W-7072 
MIL-C-7078 


MIL-W-7139 


MIL-I-7444 
MIL-W-8777 


b. MIL-W-7072 


Ce 


Marking Machine, Wire and Plastic Tub- 
ing, Identification 


Wire, Electrical, Insulated Aircraft 


Wiring, Aircraft, Installation of 


Alcohol; 
Aircraft 

Soldering Process, General Specification 
for 

Wire, Electrical, 600. voles, Aluminum 

Cable, Power, Electrical, 600 volts, 
Shielded 

Wire, Electrical, Copper Insulatéd, 600 
volts, 400 Degrees F 

Insulation Sleeving, Electrical, Flexible 

Wire, Electrical, Copper, 600 volts, 150 
degrees Centigrade 


Ethyl, Specially Denacured, 


MS25190 


MS25471, 


MS25191 


MS27110 


MIL-W-16878 
MIL-F-21608 
MIL-W-22759 
MIL-I-23053 
MIL-C-25038 
MIL-W-27300 
MS25311 
MS25312 


MS25316 


MS17411, 


MS17412, MS18000, MS18001, 


Wire, Electrical, Insulated, High Tem- 
perature 

Ferrule, Shield Grounding, Insulated, 
Crimp Sryle 

Wire, Electric, Fluorocarbon Insulated, 
Copper 

Insulation Sleeving, Electrical, Flex- 
ible, Heat Shrinkable 

Cable, Electrical, Aircraft, High Tem- 
perature and Fire Resistant 

Wire, Electrical, Polytetrafluoroethylene 
Insulated, Copper, 600 volt 

Ferrule, Shield Grounding, One Piece, 
Insulated 

Tool, Crimping, Hand, for Insulated 
Shield-Grounding Ferrule 

Gauges, for MS25312 Crimping Tool 


= 


e. MiL-W-16878 (TYPES E AND EE) 


MS18 104, 


MS18105, MS18032, MS18033, MS21985, MS21986 


f. MIL-W=22759 


g- MIL-W-25038 


h. MIL-W-27300 


OO O 


ITV/1/19Y 


MS17410, MS90294 


(5) Outer Jacket 


(6) Finisher 


(7) Insulation, Impregnated Fibrous Inorganic 





Figure 2-1]. Wires Commonly Used in Aircraft 











SEB 
(5) (6) 


a UNSHIELDED MULTI-CONDUCTOR CABLE 
b. 


c. SHIELDED MULTI-CONDUCTOR CABLE 


NOTE: MAKE AS REQUIRED BY TWISTING 
SINGLE CONDUCTORS 


d. TWISTED PAIR 


Conductor 

Primary Insulation 

Wire Jacket 

Braided Tinned Copper Shield 
Protective Outer Jacket 


Color Coded Wires (MIL-W-5086, -7139, 
°8777, -22759, -25038, +-27300) 





Figure 2-2. Cables Commonly Used in Aircraft 
2—6. CUTTING WIRE AND CABLE 


2—7. GENERAL. Cut all wires and cables to lengths 
given on drawings or wiring diagrams. Cut wire and 
cable so that cut is clean and square and wire is not 
deformed. See figure 2—3. After cutting reshape large 
diameter wire with pliers, if necessary. 


CAUTION 


Make sure that blades of cutting tools are 
sharp and free from nicks. A dull blade will 
deform and extrude wire ends. 
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2—8 CUTTING COPPER WIRE AND CABLE. To cut 
alarge number of heavy wires or cables, use a circular 
saw with a cable cutting blade. A cable cutting blade 
is similarto a meat slicing blade (noteeth). See figure 
2—4a. 


WARNING 


Do not use acircular saw without an adequate 
guard over the blade. 


Heavy or light copper wires can also be cut with bench 
shears such as shown in figure 2—4b. 


2—9. To cut a few heavy gape copper wires or cables 
use a fine tooth hack saw. A fine tooth hack saw has 
20 or more teeth per inch. See figure 2—4c for use of 
hack saw and saw vise which protects heavy wire dur- 
ing cutting. 


2-10. To cuta few light gage copper wires, use diag- 
onal pliers. Do not attempt to cut wires larger than 
AN-8 with diagonal pliers. 


2-11, CUTTING ALUMINUM WIRE. Be careful when 
cutting aluminum wire to avoid deforming the conduc- 
tors. Aluminum is more brittle than copper, ard if de- 
formed, aluminum wire should be reshaped carefully. 


CAUTION 


Never cut aluminum wire with tools which 
have reciprocating motion, such as ahack 
saw. Reciprocating cutting action ‘‘work 
hardens’’ aluminum. This will lead to broken 
and torn strands. 


2—12. To cut a large number of aluminum wires use a 
power circular saw with cable cutting blade as shown 
in figure 2—4a. Do not use toothed blade for cutting 
aluminum wire. 


CAUTION 


If cutting tool has been used for other metals, 
wipe blades clean before cutting aluminum. 
Copper or steel chips will cause aluminum to 
corrode. 


Special cable shears with concave cutting edges such 
as pruning or dehorning shears may also be safely used 
to cut aluminum wire. A cable shear of this type is 
illustrated in figure 2—4d. 
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Section fl 
Paragraphs 2-13 to 2-18 


BAD 


NEEDS RESHAPING 


Figure 2-3. Wires After Cutting 
2-13. IDENTIFYING WIRE AND CABLE. 


2—14. GENERAL. To make maintenance easier, each 
interconnecting wire and cable installed in aircraft is 
marked with a combination of letters and numbers which 
identify the wire, the circuitit belongs to, its gage size 
and other information necessary to relate the wire to a 
wiring diagram. This marking is called the cable iden- 
tification code. Details of the code are given in Mili- 
tary Specification MIL-W-5088. Some general informa- 
tion is given in 2—15 thru 2-17. Wire as received from 
the manufacturer is printed in a light green color at in- 
tervals of one to five feet with the manufacturer’s code 
designation: the MS number and dash number of the 
wire, and a one, two or three-digit number indicating 
the color of the basic wire insulation and the color of 
the stripes (if present). The color code is as follows: 


Black 0 

Brown 1 

Red 2 

Orange 3 — 

Yellow 4 

Green § 

Blue 6 

Violet 7 

Gray 8 

White 9 (includes also uncolored insulations) 


For example, a wire printed with number MS25190A20- 
913 would designate a wire constructed in accordance 
with Military Standard drawing MS25190, Type I, size 
20, having whice insulation (9), a tirst stripe of brown 
(1) and a second stripe of orange (3). 


Note 


When marking wire with the identification 
code described in 2—15 through 2—17 itis per- 
missible to overstamped the manufacturer's 
printing. 
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2-15. WIRE IDENTIFICATION CODE-BASIC. See fig- 
ure 2—5a. The basic wire identification code used for 
all circuits except those having the circuit function 
letters, R, S, T or Y is as follows, reading from left to 
tight: 


a. Unit Number - Prefixed where necessary to distin- 
guish between wires in acircuit having identical items 
of equipment and identification numbers. 


b. Circuit Function Letter. Used to identify che 
function of the particular circuit. See Military Speci- 
fication MIL-W-5088 for details. 


c. Wire number. Used to distinguish between wires 
with the same circuit function letters. 


d. Wire segment letter. Used to distinguish between 
conductor segments in a particular circuit. 


e. Wire size number. Used to designate AN or AL 
gage size of the wire. Wire size is omitted oncoaxial 
cable. Wire size number is replaced with a dash for 
thermocouple wire. 


f. Ground, phase or themocouple letter. Used to 
denote a wire to ground, phase of a wire in a three- 
phase system, or materials of a thermocouple pair. 


2-16. WIREIDENTIFICATION CODE (R, Sand T CIR- 
CUITS). See figure 2—5b. The identification code for 
circuits R, Sand T, (Radio, Radar & Special Electronic 
Circuits), in addition to the basic numbers and letters 
listed in 2~15,includes another letter after the circuit 
function letter, called the circuit designation letter, 
which further identifies the circuit inside the system. 
See Military Specification MIL-W-5088 for details. 


2—17. WIRE IDENTIFICATION CODE (Y CIRCUIT). 
See figure 2—5c. When the circuit function letter is Y, 
(indicating a special armament system), the basic code 
with the addition of acircuit designation letter is used, 
plus the ‘number of the particular armament system, in- 
serted after the circuit function letter. See Military 
Specification MIL-W-5088 for details. 


2-18. IDENTIFICATION METHODS, The identifica- 
tion code may be stamped on wires either horizontally, 
as shown in figure 2—Sa, b, & c, or if desirable in a 
particular application, vertically as shown in figure 2- 
5d. The preferred method of identification is to stamp 
the identification marking directly on the wire or cable 
with a hot foil stamping machine. Use this method 
wherever possible. If the wire insulationor outer cover 
ing will not stamp easily, lengths of insulating tubing 
(sleeves) are stamped with the identification marking 
and installed on the wire or cable. The following types 
of wire are usually identified by means of sleeves: 

a. Unjacketed shielded wire 

b. Thermocouple wires 

c. Multiconductor cable 

d. High temperature wire with insulation difficult to 
mark, (such as asbestos, TFE, fiberglass, etc). 














Section II 


Sn. es 


ADJUSTABLE STOP 


CABLE CUTTING BLADE “i 
TO FOOT PEDAL 


(NO TEETH) PZ 
b. 


a CIRCULAR SAW FOR CUTTING WIRE b. BENCH CABLE SHEAR 
AND CABLE 


CONCAVE BLADES 


TWENTY OR 
MORE TEETH 
PER INCH 


c. HACK SAW WITH SAW VISE d. CABLE SHEARS — PRUNING TYPE 


e. DIAGONAL CUTTING PLIERS 





Figure 2—4. Wire Cutting Tools 
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Section If 


Paragraphs 2-19 to 2-21 


GROUND, PHASE, OR 
|j- -—--—--—-- THERMOCOUPLE LETTER 


--—_——_—— WIRE SIZE NUMBER 


ba ———— WIRE SEGMENT LETTER 


|/——— WIRE NUMBER 


a CIRCUIT FUNCTION LETTER 
SS UNIT NUMBER 


a AS APPLIED TO ALL CIRCUIT FUNCTIONS 
EXCEPT R, S, T AND Y 


GROUND, PHASE OR 
THERMOCOUPLE LETTER 


WIRE SIZE NUMBER 
pm WIRE SEGMENT LETTER 


WIRE NUMBER 
fp —— CIRCUIT DESIGNATION LETTER 
bb ——————_ CIRCUIT FUNCTION LETTER 
UNIT NUMBER 


b. AS APPLIED TO CIRCUIT FUNCTIONS 
R, S AND T 


GROUND, PHASE OR 
THERMOCOUPLE LETTER 


}/—_—_ WIRE SIZE NUMBER 


fp WIRE SEGMENT LETTER 
WIRE NUMBER 
}—_________ CIRCUIT DESIGNATION LETTER 
ARMAMENT SPECIAL 
SYSTEM NUMBER 
bh CIRCUIT FUNCTION LETTER 
-&----— UNIT NUMBER 


O 
N 
uu 
Fe) 
c 
a 
©) 
> 


ee 
of 
ee 


c. AS APPLIED TO CIRCUIT FUNCTION Y 


F --— —-— UNIT NUMBER 


-—————- CIRCUIT _ FUNCTION LETTER 


—— WIRE NUMBER 


J——————_ WIRE SEGMENT LETTER 


WIRE SIZE NUMBER 


GROUND, PHASE OR 
THERMOCOUPLE LETTER 


d. VERTICAL STAMPING OF WIRE IDENTIFICATION 
CODE (OPTIONAL) 


Figure 2—5. Examples of Wire Identification Conding 
12 





CAUTION 


Do notuse metallic markers or bands for iden- 
tification. Do not use any method of marking 
that will damage or deform the wire or cable. 


Use sleeves only if wire cannot be marked directly. 
With care some wires, previously thought to be unsuit- 
able for direct marking, can be stamped with a standard 
marking machine using special foils. 


2-19. MARKING OBJECTIVES. Whatever method of 
marking is used, be sure marking is legible, and that 
color of stamping contrasts with the wire insulation or 
sleeve. Use black stamping for light colored back- 
grounds. Use white on dark colored backgrounds. Make 
sure that markings are dry so they ao not smear. 


2—20. SPACING OF STAMPED MARKS. See figure 2—6. 
Stamp wires and cables at intervals of not more than 
15 inches along their entire lengths. In addition stamp 
wires withinthree inches of each junction (except per- 
manent splices), and at each terminating point. Stamp 
wires which are three to seven inches long in the cen- 
ter. Wires less than three inches long need not be stamp- 
ed. 


2-21. LOCATION OF SLEEVE MARKING. See figure 
2—7. When wire or cable cannot be stamped directly, 
install aplastic sleeve marked with the identification 
number overthe outer covering ateach terminating end. 
For Air Force planes, also install marked sleeves at 
not more than six foot intervals on the entire length of 
such wire or cable. 


ROTATE 180° 
BETWEEN IMPRESSIONS 
IF PRACTICABLE 


Figure 2-6. Spacing of Identification 
Stamping on Wire & Cable 


FOR AIR FORCE ONLY 
EXTRA SLEEVES EVERY 6 FEET 


3° 
MAX 


FOR NAVY AND AIR FORCE 
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SA 


MATCH TO MARKING ON MATING RECEPTACLE 





Figure 2—7. Location of Identification Sleeve 
CAUTION 


Do not use sleeves to change identification 
of wire or cable which has already been mark- 
ed, except in the case of spare wires in potted 
connectors. 


2—22. MULTICONDUCTOR CABLE IDENTIFICATION. 
See figure 2-8. Identify multiconductor cables with 
marked sleeves installed as described in 2—21, Stamp 
sleeves with identification marking of each wire inthe 
cable. Immediately following the identification code, 
stamp letters indicating the conductor color, using the 
following abbreviations: 


BLK-Black ORN-Orange 
BLU-Blue PR -Purple 
BRN-Brown RED-Red 
GY -Gray WHT-White 
GRN-Green YEL-Yellow 


At each terminating end, strip back outer covering as 
far as necessary and stamp color code letters on insu- 
lation of each conductor. 


ez219a20 & 


M21Ga20 REO 





Figure 2-8. Multi-Conductor Cable Identification 


2-23. COAXIAL CABLE IDENTIFICATION. See fig- 
ure 2-9. Identify coaxial cable by direct stamping on 
the cable or with sleeves. If sleeves are required, in- 
stall them as indicated in 2—21. In addition, mark coax- 
ial cable onthe end terminating ina piece of equipment 
to match marking on equipment terminal. 


CAUTION 


When marking coaxial cable take care not to 
flatten the cable, as this may change the elec- 
trical characteristics of the cable. 


Figure 2-9. Coaxial Cable Identification 


2—24. THERMOCOUPLE WIRE IDENTIFICATION. 
Thermocouple wire which is usually duplexed (two in- 
sulated conductors laid side by side) is difficult to 
mark legibly. Sleeves are installed as described in 
2—21. The wire size of the identification code is re- 
placed by the full name of the material of the thermo- 
couple conductor. Thermocouple conductor materials 
are Alumel - Chromel - Iron - Constantan - Copper. 


2—25. IDENTIFICATION AT TERMINAL BOARDS AND 
ENCLOSURES. See figure 2—10. If possible, mark wires 
attached to terminal boards and equipment terminals 
between termination and point where wire is brought 
into wire bundle. Identify wires terminating in an en- 
closure inside enclosure if space permits. 


2-26. SELECTION OF IDENTIFICATION SLEEVING. 
For general purpose wiring use flexible vinyl sleeving, 
either clear or white opaque. For high temperature ap- 
plicatiéns (over 100 degrees C) use silicone rubber or 
silicone fiberglass sleeving. Where resistance to syn- 
thetic hydrauli¢ fluids or other solvents is necessary, 
use nylon sleeving, either clear or white opaque. Se- 
lect size of sleeving from table 2—2. Heat-shrinkable 
polyethlene tubing may also be used to identify wire 
which cannot be marked directly. Available sizes are 
given in section XI, table 11-11. 





Figure 2-10. Wire Identification at 
Terminal Board 
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TABLE 2-2 


Sizes of Identification Sleeving 





Wire Size 
MIL-W-5086 MIL-W-5086 

Types I and II Type II 

AN AN 
#22 

20 422 
+18 #20 
#16 #18 
#14 #16 
+12 #14 
#10 #12 
#8 #10 
#6 #8 
#4 #6 
#2 44 
#] #2 
#0 71 
#00 #0 
#000 #00 

#0000 +000 

#0000 


2-27, IDENTIFICATION MARKING MACHINES, See 
figures 2—]1 and 2—12 fortypical marking machines. For 
stamping a large number of long wires use an automatics 
wire marking machine. In machines of this type (figure 
2—11) wire sizes No. 26 through No. 14 are fed through 
and stamped automatically. Wires larger than No. 14 
are fed through by hand, but stamped automatically. 
For short wires, on repair or maintenance work, ahand- 
operated wire marking machine is more convenient and 
economical (figure 2—12). In this type of machine wire 
is fed through the desired amount by hand, and stamped 
by operating the handle for each marking. Wire guide 
holders in sizes to fit wires, and slot holders to hold 
appropriate size type are furnished to fit the machines. 
Type is supplied in three sizes, to mark wire No. 26 
through No. 00 as shown in table 2—3. Marking foil is 
available in black or white, (and other colors if need- 
ed for special applications), 


Note 


Store foils at approximately 70°F and 60% rel- 
ative humidity. 


TABLE 2-3 
Recommended Sizes of Marking Type 


Wire Size Height of Letters 
(inches) 

#26 & #22 1/16 

#20 thru #14 $/64 

#12 chru 40000 & Coaxial Cable 7/64 
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Sleeving Size 


MIL-W-7072 
Nominal 

AL No. I D (Inches) 
11 .095 
10 .106 
9 118 
8 133 
7 . 148 
6 .166 
4 .208 
2 .263 
#8 0 330 
26 3/8 375 
#4 1/2 .500 
#2 1/2 .500 
#1 5/8 .625 
#O 5/8 .625 
#00 3/4 750 
#000 3/4 ~750 
#0000 7/8 875 


2—28. SET-UP OF MARKING MACHINES FOR WIRE 
STAMPING. After selecting the proper machine for the 
job, set it up for che marking procedure as follows: 
(Refer to figures 2—11 and 2—12). 


a. Select from table 2—3 type of correct size for wire 
to be marked. Make up required identification code and 
insert into type holder, centering type in holder. Use 
spacers to prevent crowding letters and numbers. 


b. Select marking foil of correct width for length of 
marking. Use black foil for light colored insulation, 
and white foil for dark insulation. 


<. Select wire guide holder with wire hole to fit wire, 
and having a slotof same length as slot in type holder. 


CAUTION 


Use smallest guide into which wire will fit. 
If guide is too large, wire will not be held 
firmly, and will be off-centered. 


d. Install wire guide and roll of marking foil on ma- 
chine. Slide type holder into slot provided for it. 


2-29. PROCEDURE FOR WIRE STAMPING BY MA- 
CHINE. The procedure for stamping wire by machine 
is as follows: 


Note 


Good marking is obtained only by the proper 
combination of temperature and pressure, and 
is arrived at by trial. 
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PRESSURE CONTROL 






HEAT CONTROL 


TYPE HOLDER 





Figure 2—11. Wire Marking Machines — Automatic 
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Figure 2—12. Marking Machines — Hand 


CAUTION 


Avoid excessive heat or pressure, as it may 
damage the wire insulation. 
e 


a. Turn heat to high, then regulate downward tore- 


quired temperature. See table 2—4 for recommended 
temperature s. 


TABLE 2-4 
Recommended Marking Temperatures 


Insulation Material Recommended Temperature 


Kel-F 300 to 325°F 
Viny! 400 to 425° F 
‘TEE 425° F 
Nylon 400 to 450° F 
**Silicone 400 to 450° F 
Polyester 500° F 
*FEP 550 to 600 F 


*Using special foil 


**Protective coating and shortheat cure after marking 
recommended. 
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b. Insert piece of sample or scrap wire into wire 
guide, and adjust pressure control until mark is sharp 
and clear. Impression should be just deep enough to 
sink slightly below surface of insulation, but should 
not cut into it. The pressure adjustment also controls 
the length of dwell in automatic machines. 


c. When a satisfactory marking has been made, re- 
move sample wire, and insert wire to be marked into 
wire guide, far enough so chat first marking will be 
made about three inches from end. 


d. Operate foot pedal (or hand lever) to make mark. 


e. It is desirable (but not mandatory) torotate wire 
180 degrees and mark again on opposite side. 


f. Mark remaining wire length. If marks are to be 
spaced at intervals of eight inches orless, operate ma- 
chine automatically. If intervals are greater than eight 
inches, or if wire is larger than size No. 8 (regardless 
of spacing) pull wire through by hand, and operate ma- 
chine at desired spacing. If practicable, rotate wire 
back and forth at each mark through 180 degrees to mark 
on opposite side. During marking procedure, check 
permanence of mark from time to time by rubbing with 
a clean dry cloth. If mark smears, or becomes hard to 
read, adjust machine to correct condition, and re-mark 
wire. 


2—30. SPECIAL INSTRUCTIONS FOR MARKING TFE 
INSULATED WIRE. Because of the chemical natureof 
TFE, it is difficult to make a permanent marking on 
TFE-insulated wire. Marking machines as described 
in 2—27 will stamp a legible marking on TFE, but this 
has atendency to rub off. The marking may be set per- 
manently by passing the marked wire through an elec- 
trically heated oven, set at a specified speed andtem- 
perature. See figure 2-13. 


2—31. PROCEDURE FOR HEAT-SETTING IDENTIFF 
CATION MARKING ON TFE. The procedure for hear- 
setting identification marking on TFE-insulated wire 
is as follows: 


a. Turncthe temperature control to HIGH, and allow 
ovento heat until temperature reaches 1900° F. (approx: 
imately 30 to 45 minutes.) 


b. Turnthe motor switch ON, and set speed to the 
desired rate; select speed from table 2-5. 


c. Insert the wire through the guide tube into the 
forward rollers. As the first part of the wire passes 
through the oven, depress the rear (exit) roller man- 
ually to allow free entry of the wire into the rear guide 
tube; this will prevent the wire from buckling. The 
rest of the wire length will pass automatically through 
the oven. 


CAUTION 
Provide a suitable exhaust hood over the oven 
to carry off fumes. Make sure there is ade- 
quate ventilation in the area where the oven 
is used, 











REAR ROLLERS 





“RE WH 


Section Il 
Paragraphs 2—32 to 2-34 


GUIDE TUBE 


Figure 2-13. Electric Oven for Heat-Setting Identification Marking 


TABLE 2-5 
Speed Settings for Heat-Setting Electric Oven 
Wire Specification Wire OD. Recommended 
Speed (Feet per 
minute) 
MIL-W-7139 .070 - .090 15 to 20 
.090 - .125 10 to 15 
MIL-W- 16878 .050 - .070 15 to 20 
.070 - .090 12 to 15 
.090 - .125 10 to 15 


2~32, SET-UP OF MARKING MACHINE FOR SLEEVE 
STAMPING. For stamping identification mark on tubing 
that has an OD of \% inch or smaller, use the same ma- 
chine that is used for stamping wire. Set up machine 
as follows: 


a. Select type size and wire guide to suit ODof tub- 
ing. 


b. Select mandrel (metal rod) of a diameter that will 
fit snugly inside tubing. Insert mandrel into tubing, 
and both into wire guide. If mandrel of proper size is 
not available, use piece of insulated wire of suitable 
diameter and length. 


c. Prepare type as described in 2—28, step a. 


d. Select foil, and install wire guide, foil and type 
holder on machine as described in 2—28, steps b, c, 
and d. 


2-33. PROCEDURE FOR STAMPING SLEEVESBY 
MACHINE. To mark tubing, follow procedure for mark- 
ing wire as describedin 2—29, steps athroughe. After 
first mark, mark remaining tubing at intervals that will 
leave about one inch between marks (See figure 2—14). 
Rotate at each marking to mark again on opposite side. 


2-34. MACHINE STAMPING FOR LARGE SLEEVING. 
See figure 2—15. To mark tubing that has OD larger than 
inch, use a special machine that marks tubing flat, 
if ic is available. Flat type rather than curved type is 
used on this machine, Otherwise, machine set-up and 


marking procedure is same as that described in 2—32 


and 2—33. 


! r at od 
6. H2ISAZ0 —— H215A20_ iA 


. HERE AFTER cunal 





Figure 2-14. Marking on Sleeves 
W7 
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TYPE WOL DER ———»- --~ 
{- 
| 


IDE FOP 
a ELC VING 


Figure 2-15. Marking Machine for Sleeving 


2~35. INSTALLING IDENTIFICATION SLEEVESON 
WIRING. Cut marked tubing into lengths so that mark- 
ing is approximately centered (refer to figure 2—14), 
Install cut lengths of tubing over wire or cable at de- 
sired spacing, and tie at each end with clove hitch and 
square knot. See section XV for method of tying and 
knotting. When heat-shrinkable tubing is used, ties are 
not required. Before installing heat-shrinkable tubing 
on the wire, make sure that the wires are clean. In- 
structions for installation are given in section XI, paras 
graph 11-22. 


2~36. IDENTIFICATION OF WIRE BUNDLES AND 
HARNESSES. See figure 2-16. Identify wire bundles 
and harnesses by one of the following methods: 


a. If bundle is not too large select sleeving of proper 
size to fit snugly over wire bundle. Stamp with iden- 
tification marking as described in 2—34 and install on 
bundle approximately 12in. from each terminating end. 
Tie securely at both ends. 
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Note 


If wires are not free at one end, sleeving must 
be installed on bundle before soldering wires 
to connectors 


ils MARKER TIED IN PLACE 





Figure 2-16. Identification of Wire Bundles 
& Harnesses 


Heat shrinkable tubing, marked with the identification 
code, may also be used, installed as described in sec- 
tion XI, paragraph 11-22. 


b. Wire bundles up to 1-34 inch in diameter may be 
identified by means of anMS17822 cable identification 
strap which has amarking tab as part of it. See figure 
2-16. The procedure is as follows: 


1, Stamp the wire identification code on the marking 
tab as described in 2—34. 


2. Passthe strap around the bundle with the ribbed 
side of the strap inside. 


3. Insert the pointed end of the strap through the eye 
and pull the strap snugly around the bundle. 


4, Feed the tail of the strap through MS17823 tool, 
and slide tool up to eye of the cable identification strap. 


5. Squeeze tool handles until Strap is snug on bundle. 


6 Close tool handles all the way to cut off excess the 
strap. 
Note 


Use of self-clinching adjustable plastic cable 
straps and instaliing tools is illustrated and 
described in section XV. 


2-37. STRIPPING WIRE AND CABLE. 


2-38. GENERAL. Before wire can be assembled to 
connectors, terminals, splices, etc., the insulation must 
be stripped from connecting ends to expose the bare 
conductor. For attachment to connectors enough in- 
sulation is stripped so that conductor will bottom in 
solder cup and leave a small gap between the top of the 
solder cup and cut end of insulation. Stripping dimen- 
sions for MS connectors will be found in section II, 
for RF connectors in section IV, and for terminals in 
section V. See figure 2—17 for typical tools used in 
Wire Stripping. 


2-39 STRIPPING METHODS FOR COPPER WIRE. 
Copper wire may be stripped in a number of ways de- 
pending on size and insulation. See table 2-6 fora 
summary of wire strippers. 


2-40. STRIPPING METHODS FOR ALUMINUM WIRE 
Strip aluminum wires witha knife asdescribed in 2—46. 
Strip aluminum wire very carefully. Take catreme care 
not to nick aluminum wire, as strands break very eas‘)y 
when nicked. 


2-41, GENERAL STRIPPING INSTRUCTIONS, Wher 
Stripping wire with any of the cools mentioned in 2—39 
and 2—40 observe the following precautions. 


a. When using hot blade stripper, make sure blades 
are clean. Clean blades with a brass wire brush as 
necessary. The hot blade stripper will noe strip wire 
with glass braid insulation. 
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TABLE 2-6 
Wire Strippers for Use on Copper Wire 
Stripper AN Gage No. Insulations 
Hot Blade #26 - #4 All except 


asbestos and 
glass braid 
H26 - #4 All 
#20 - 46 All 


Rotary, electric 
Bench 


Hand Pliers #26 - #8 All, except as 
noted* 
Knife #2 -7:0000 All 
Details of each method are given in 2—42 thru 2—46. 
CAUTION 


*Do not use hand strippers on wires to be ine 
stalled in connectors with rubber sealing 
grommet. 


b. Make sure all stripping blades are sharp, and free 
from nicks, dents, etc. 


c. When using any type of wire stripper, hold wire 
perpendicular to cutting blades. 


d. Adjust automatic stripping tools carefully; follow 
manufacturer’s instructions, to avoid nicking, cutting, 
or otherwise damaging any strands. This is especially 
important for all aluminum wires and for copper wires 
smaller than No. 10. Examine stripped wires for dam- 
age, and adjust tool as necessary. Cut off and re- 
strip (if length is sufficient); or reject and replace any 
wires with more than the allowable number of nicked or 
broken strands given in table 2—7, 


TABLE 2-7 
Allowable Nicked or Broken Strands 

Wire Nicked or Broken Stands 
Copper 
AN 422 - #12 None 

#10 2 

#QB - 4 4 

#2 © #0 12 
Aluminum, all sizes None 

Note 


Longitudinal scratches in copper wire are not 
considered cause for rejection or rework. 


¢. Make sure insulation is clean-cut with no frayed 
or rapecd edges. Trim if necessary. 


f, Make sure all insulation is removed from stripped 
area, Some types of wires are supplied with a clear 
transparent layer between conductor and primary insu- 
lation. If this is present, remove it. 


g. When using hand plier strippers to remove lengths 
of insulation longer than 3, inch, it is easier to do in 
(WO Or More OpCcrations 


h. Retwist copper strands by hand or with pliers if 
necessary to restore natural lay and tightness of strands. 
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b. ROTARY WIRE STRIPPER 





BLADE HOLDERS 
PivOT TO ALLOW 
WIRE INSERTION 





—_ 


WITHDRAW WIRE TO STRIP 


c. BENCH WIRE STRIPPER 





d. HAND WIRE STRIPPER - HEAVY DUTY 





a. HOT BLADE WIRE STRIPPER e. HAND WIRE STRIPPER - LIGHT DUTY 
Figure 2-17. Typical Wire Stripping Tools 
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ADJUSTMENTS 






HEAT 









WIRE GAGE 
ADJUSTMENT 






Figure 2-18. Stripping Wire in a Hot Blade Stripper 


2-42. PROCEDURE FOR STRIPPING WIRE WITH 
HOT BLADE STRIPPER. The procedure for stripping 
wire with hot-blade stripper is as follows: 


a. Adjust blades to correct opening for size of wire 
to be stripped. See figure 2-18. 


b. Adjust stop by means of knurled brass nuton top 
of hood, for desired stripping length between 4 inch 
and 1-'4 inch. 

c. Adjust each blade toproper heat by trying on same 
ple pieces of wire. Use minimum heat that will remove 
insulation satisfactorily without damaging strands. 


d. Insert wire until it butts against stop. 


e. Press foot pedal to bring heated blades against 
insulation. 


f. Twist wire about 90 degrees and pull out. 
CAUTION 


Make sure adequate ventilation is provided 
when a hor-blade stripper is used to strip 
TFE-insulated wire. 


2-43. SUBSTITUTE HOT-BLADE STRIPPER. Where 
a hot-blade wire stripper is not available, a substitute 
can be made and used as follows: See figure 2-.19. 


4° 
APROXIMATE 


a. Inthe end of a piece of copper strip, cut a sharp 
edged ‘‘V’’. At the bottom of the ‘''V’’ make a wire slot 
of suitable diameter. 


1/16°° THICK HARD DRAWN COPPER STRIP 


b. Fasten the copper strip around the heating element 
of an electric soldering iron as shown in figure 2—19. 





c. Lay wire or cable to be stripped in the ‘'V’’; a 
clean channel will be melted in the insulation. 


d. Remove insulation with slight pull. Figure 2-19. Substitute Hot Blade Stripper 
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2-44. PROCEDURE FOR STRIPPING WIRE WITH 
POWER ROTARY STRIPPER. Refer to figure 2-20. 


The procedure for stripping wire or cable with a rotary 


stripper is as follows: 


a. Select and install bushing of proper size for wire 
to be stripped. Bushings are available in 1/8 inch, 
1/4 inch and 3/8 inch sizes. 


b. Set burt for length of strip desired from 4 inch to 
1-34 inch. 


c. Make adjustment for wire gage. 


d. Set switch for clockwise or counterclockwise ro- 
tation according to lay of strands. 


e. Insert wire through bushing untl end of wire is 
stopped against butt. 


f. Step on foot pedal to close blades on wire. 


g- Pull sharply on wires to remove insulation. 


h. Examine wireto be sure all insulation is removed 
and also that strands are not nicked or cut. Reset wire 
page adjustment (step c) if necessary. 


2-45. PROCEDURE FOR STRIPPING WIRE WITH 
HAND STRIPPER. Refer cto figure 2-21. The proce- 
dure for stripping wire with plier-type hand strippers 
is as follows: 


a. Insert wire into exact center of correct cutting 
slot for wire size to be stripped. (Each slot ismarked 
with wire size). 


b. Close handles together as far as they will go. 


c. Release handles, allowing wire holder to return 
to open position. 


d. Remove stripped wire. 
Note 


Jaws will not snap back until wire is removed. 


SET SCREW FOR ADJUSTMENT 


OlL HOLE 


LOCKING SCREW 
FOR ADJUSTMENT 


ADJUSTMENT 
FOR WIRE 
GAGE STOP 


COVER PLATE 
REMOVE TO CLEAN 
OR SHARPEN BLADES 





OF BUTT PLATE POSITION 


BUTT PLATE SET FOR 
STRIPPING LENGTH 


STRIPPING HOLE 
IN SPINNER 


WIRE GUIDE 
BUSHING 


KEEP RODS CLEAN 
DO NOT OIL 


Figure 2-20. Inside View of Rotary Wire Stripper 
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SELECT CORRECT HOLE 
TO MATCH WIRE GAGE 


STEP a 


BLADES REMAIN OPEN 
UNTIL WIRE IS REMOVED 


BE CAREFUL NOT TO NICK OR CUT STRANDS 
STEP b 


Figure 2-2]. Stripping Wire With Hand Stripper 
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CUTTING AROUND INSULATION 


BE CAREFUL NOT TO NICK OR CUT STRANDS 


STEP a 


[2 - 


SLITTING INSULATION 


PEELING INSULATION 





Figure 2-22. Knife Stripping 
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2—46. PROCEDURE FOR STRIPPING WIRE WITH A 
KNIFE. See figure 2-22. The procedure for stripping 
wires with a knife is as follows: 


CAUTION 


Take care not to nick or cut strands. 


a. Make cut around wire at desired strip length. Do 
not cut completely through the insulation. 


b. Make second cut lengthwise along stripping 
length. Do not cut completely through insulation. 


Note 


When a wire has two or more layers of insu- 
lation, cut through outer layers and only score 
innermost. 


c. Peel off insulation, following lay of strands. 


2-47. STRIPPING DIMENSIONS FOR ASSEMBLY TO 
CONNECTORS. Stripped length on wires which are to 
be attached to connectors should be such that when 
stripped conductor bottoms in solder cup there will be 
a gap of approximately 1/32 in. between the end of the 
cup and the end of the insulation, for inspection pur- 
poses. 


2—48. TINNING COPPER WIRE AND CABLE. 


2—49. GENERAL. Before copper wires are soldered to 
connectors the ends exposed by stripping are tinned to 
hold the strands solidly together. The tinning operation 
is considered satisfactory when the ends and sides of 
the wire strands are fusedtogether with a coat of sold- 
er. Do not tin wires which are to be crimped to Class 
K (fireproof) connectors, wires whichare to be attached 
to solderless terminals or splices, or wires which are 
to be crimped to removable crimp-style connector 
contacts. 


2-50. TINNING METHODS. Copper wires are usually 
tinned by dipping into flux and then into a solder bath. 


In the field, copper wires can be tinned with a solder- 
ing iron and rosin core solder. 


2-51. EXTENT OF TINNING. Tin conductor for about 
half its exposed length. This is enough to take advan- 
tage of closed part of solder cup. Tinning or solder on 
wire above cup causes wire to be stiff at point where 
flexing takes place. This willresult in wire breakage. 


2-52. PREPARATION OF FLUX AND SOLDER. The 
flux used co tin copper wire is a mixture of denatured 
alcohol and freshly ground water-white rosin inthe pro- 
portion of eight ounces of alcohol to one ounce of rosin, 
mixed together thoroughly and well shaken. During use 
the alcohol will evaporate and should be replaced. The 
solder usedis a mixture of G0% tin and 40% lead. Maine 
tain temperature of the solder pot between 450 and 500 
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degrees F; this will keep solder ina liquid state. Skim 
surface of solder pot as necessary with a metal spoon 
or blade to keep solder clean and free from oxides, 
dirt, etc. 


CAUTION 


Do not use any other flux or solder for tinning 
copper wires for use in aircraft electrical 
systems. 


2-53. DIP-TINNING PROCBDURE. See figure 2-23. 
Dip-tin wires smaller than No. 8 about eight or ten at 
a time. Dip-tin wires size No. 8 and larger individually. 


CAUTION 


During tinning operation, take care not to 
melc, scorch or burn the insulation. 


DIP 1/8°° 
DEEP ONLY 


ROSIN-AL COHOL 
PASTE FLUX 


DIP AND HOLD IN 
MOLTEN SOLDER 
TO 1/2 OF 
STRIPPED LENGTH 








SPRINKLE POWDERED 
BORAX ON SURFACE 
TO RETARD 
OXIDATION 


% y i > 
i(& 


STEP b 
Figure 2-23. Dip Tinning in Solder Pot 


The procedure for dip-tinning is as follows: 
a. Prepare flux and solder as described in 2—52. 


b. Make sure that exposed end of wire is cleanand 
free from oil, grease and dirt. Strands shouldbe straight 
and parallel. Dirty wire should be restripped. 


c. Grasp wire(s) firmly and dip intodish of prepared 
flux to a depth of about 1/8 inch. 


d. Remove wire and shake off excess flux. 


e. Immediately dip intomolten solder. Dip only half 
of stripped conductor length into solder. 


f. Manipulate wires slowly in solder bath until they 
are thoroughlytinned. Watch the solder fuse to wire. 
Do not keep wire (s) in bath longer than necessary. 


ge Remove wires and shake off excess solder. 


Note 


The thickness of the solder coat depends on 
the speed with which the wires are handled 
and shaken, and the temperature of the solder 
bath. 


2-54. ALTERNATE DIP-TINNING PROCEDURE. See 
figure 2-24. If an electrically heated solder pot is not 
available, a small number of wires may be tinned by 
means of the following procedure: 

a. Cutoff beveled sectionoftip of a discarded sold- 
ering iron tip. 

b. Drill hole(4to 3/8 inch diameter) in cylindrical 
part of tip, about two thirds through. 

c. Heat up iron, and melt rosin-core solder into hole. 


d. Tin wires by dipping into molten solder one at a 
time. 


e. Keep adding fresh rosin-core solder as the flux 
burns away. 


2-55. PROCEDURE FOR SOLDERING IRON TINNING. 
See figure 2—25. In the field wires smaller than size 
No. 10 may be tinned with a soldering iron androsin 
core solder as follows: 


a. Selecta soldering iron having suitable heat capa- 
city for wire size from table 2—8, Make sure that iron 
is clean and well-tinned. 


TABLE 2-8 


Approximate Soldering Iron Sizes for Tinning 


Wire Size Soldering Iron Size 
(AN Gage) (Heat Capacity) 
#20 - #16 65 Watts 
#14 & #12 100 Watts 
710 & #8 200 Wats 
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5/8°* DIA. OR LARGER 
SOLDERING TIP 


CUT OFF OLD 
PITTED TIP 


DRILL 3/8" HOLE 
3/8°° DEEP 


FILL WITH 60/40 
TINeFLEAD SOLDER 





Figure 2-24. Alternate Dip-Tinning Method 


60/40 ROSIN CORE 
SOLDER 


Figure 2-25. Tinning Wire With a Soldering Iron 


b. Prime by holding iron tip and solder together on 
wire until solder begins to flow. 


c. Move soldering iron to opposite side of wire and 
tin half of the exposed length of conductor. 
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2-56. TERMINATING SHIELDED CABLE. 


2-57. GENERAL. Shielded cable has a metallic braid 
overthe insulation to provide a barrier around the con- 
ductor through which electro-static energy (noiseor 
interference) cannot pass. To obtain satisfactory re- 
sult from shielded cable, the shield must be unbroken 
and must extend to a point as near the end of the con- 
ductor as practicable. Shielded cable is either groun- 
ded or dead-ended at each end as required by the in- 
dividual installation. The following paragraphs de- 
scribe these procedures. 


2-58. STRIPPING JACKET ON SHIELDED CABLE. 
Some shielded cable has athin extruded plastic coating 
over the shielding braid. Strip this off as far as neces- 
sary with a hot blade stripper, asdescribed in 2—42 or 
2-43. Length of strip depends on method of shield ter- 
mination and type of wire connection. Strip outer jack- 
et back far enough for ease in working. If no hot-blade 
stripper is available, use plier type hand strippers for 
sizes No. 22 through No. 10, and aknife for sizes larg- 
er than No. 10. Be careful not to damage shielding 
braid. Extruded jacket of shielded twisted wires can 
also be stripped by holding a soldering iron, with tip 
removed, against jacket, and pulling off jacket with 
long nosepliers as iron melts jacket. See figure 2-26. 


2-59. ONE-PIECEGROUNDING FERRULE METHOD 
OF SHIELD TERMINATION. When the metallic braid 
of shielded cable can easily be flared out, the preferred 
method of terminating the shieldis by crimping it, with 
or without a ground wire as required, into a one-piece 
insulated ferrule. Use the standard shield grounding 
ferrule MS25311, and the standard crimping tool 

MS25312. The procedure is as follows: (See figure2—27). 


a. Determine the diameter of the insulation directly 
under the shield 


b. Select the ferrule having the nearest larger ID from 





, 


NYLON OUTER 
JACKET 


Figure 2-26. Stripping Outer Jacket from 
Shielded Cable 


c. Strip shield braid (and outer jacket if present) 
5/16 to 3/8 inch with hand strippers’ or scissors. 


d. Strip outer jacket (if present) 1/2 to 3/4 inch, 
being careful not to nick braid strands. 


e. Fan metal braid slightly by rotating inner cone 
ductor. 


f. Insert inner conductor through inner ring. Slide 
inner ring under the metal braid and outer ring over the 
metal braid. 


g- If ground wire is required, use AN20 orAN22 wire, 
stripped 5/16 to 3/8 inch. 


h. The shield braid must be visible through one of 
the inspection holes. The ground lead should be visible 
through the inspection hole onthe side where the ground 
lead was inserted. 


i. Position the ferrule flush against the stop plate of 
the correct crimping tool selected from table 2-9. Make 
sure the inspection holes are in the vertical position 
in line with direction of the crimp. 


je Close the handles of the tool all the way until the 
ratchet releases. Remove ferrule from tool. 


TABLE 2-9 
Standard (MS) One Piece Shielded Wire Terminations and Installing Tools 


Insulation OD 





MS Part Number Color Code Under Shield Ferrule ID Tool 
MS25311- 90 Red .050 = .040 .058 MS25 312-2 
-100 Yellow 055 * .045 .063 -1 
-110 Blue .072 = .052 .080 °l 
-120 Green .093 = .069 .102 el 
-130 Black ~107 = .090 115 °2 
-150 Green 126 -.104 ~134 -3 
-160 Red ~148 - .122 156 °3 
-180 Blue 171 = .143 2179 °4 
-200 Yellow 202 = .166 ~210 “4 
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HOLE 
STEPS a THROUGH e 





SECTIONAL VIEW OF COMPLETED CONNECTION 
SHOWING GROUND WIRES INSERTED AT EITHER 
END OF FERRULE 


(J 1 ere 


Lon 


i 
fl 






STEPS i and J 


Figure 2-27. One Piece Grounding Connection tor Terminating Shielded Wire 
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2-60. STANDARDMSHAND TOOL INSPECTION. The 
MS25312 hand tool is checked with gages for the proper 
adjustment of the crimping jaws; check the tool before 
each seriesof crimping operations. The standard MS 
tool is checked with the standard page MS25316. The 
dash number of the gage corresponds tothe groove dash 
number of the die it will check. Check the standard 
tool dies with the tool fully closed; the GO gage should 
be able to enter between the jaws; the NO GO gage 
should not be able to enter. 


2-61. TWO-PIECE GROUNDING SHEATH CONNEC: 
TOR METHOD OF SHIELD TERMINATION. See figure 
2-28. The metallic braid of shielded cable can also 
be terminated with a two-piece grounding sheath con- 
nector, by crimping it, with or without a ground wire as 
required, between two ferrules (or sleeves). Use the 
standard MS inner and outer ferrules listed in tables 
2-10, 2—11, and 2-12 and the tools listed in the 
tables. The procedure is as follows: 


NYLON OUTER 
JACKET 


OUTER FERRULE 
INNER FERRULE 


ROTATE WIRE TO SPREAD 
SHIELDING BRAID 


INNER FERRULE PARTIALLY INSERTED 


INSERT GROUND LEAD 
BETWEEN OUTER FERRULE | 
AND SHIELD a 


-m-a ava? -s94-4° 
we Ese ues —*.* ~~ 28 ae ® hes a 


INNER FERRULE 
FLUSH WITH OUTER 


PRIMARY GROUND 
INSUL ATION | WIRE 





Figure 2-28. Two Piece Grounding Connection 
for Terminating Shielded Wire 
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a. Seip off shielding braid(and outer jacket if pre- 
sent) with hand strippers or scissors. Length to be strip- 
ped is determined by length of unshielded conductor 
necessary for making connection. 


b. Strip outer jacket (if present) 1/2 to 3/4 inch. 
c. Measure OD of insulation directly under shield. 


d. Add .005 inch minimum to OD obtained instep c, 
and select inner sleeve having the nearest larger ID 
from table 2—10. 


e. Note OD of inner sleeve selected in step d, and 
add .025 inch minimum to it co allow for thickness of 
shielding braid. Add an extra .030 to .040 to allow 
clearance for aNo. 20 or No. 18 ground wire if required. 
From tables 2-11 or 2—12 select an uninsulated or in- 
sulated outer sleeve as required, with the above dimen- 
sion as minimum ID. 


f. Slide outer sleeve back over insulation and braid. 


ge Rotate cable with circular motion to flare out 


braid. 


h. Slip inner sleeve under braid so that about 1/16 
inch of sleeve sticks out beyond braid. 


i. Insert stripped ground wire underouter sleeve (if 
required) and slide both forward over braid and inner 
sleeve until only 1/32 to 1/1Ginch of inner sleeve and 
braid protrude. See figure 2-28. Ground wire may ex- 
tend from front or back of outer sleeve as required. 


CAUTION 


Examine assembly to make sure that shield 
braid and ground wire come through under the 
outer sleeve. 


j- Crimp with hand tool selected from tables 2—11 or 
2-12. 


2-62. The above procedure may be modified by sliding 
the inner ferrule over the braid, and folding the braid 
neatly back over the inner ferrule (See figure 2—29). If 
this is to be done, add an additional .025 inch to the 
dimension obtained in 2—G1, step d for the extra braid 
thickness. 


2-63. PIGTAIL METHOD OF SHIELDTERMINATION. 
When grounding sheath connectors and tools are not 
available, terminate shield for grounding by making a 
pigtail as follows: See figure 2—30. 


CAUTION 


Take extreme care not todamage shielding or 
insulated conductor while forming pigtail. 


a. Determine and mark point shielding is to termin- 
ate. This depends on the individual installation. 

b. Push back shielding to form a bubble at the ter- 
mination point. 





| 


c. Insert an awl, or other pointed tool into shiclding 
braid at termination point and work an open circular area 
in the shield. Be careful notto cut into wire insulation. 


d. Bend cable, insert tool between shielding and 
wire, and pull insulated conductor through hole formed 
by tool. 
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e. Pull empty partof shield taut and tin last inch to 
prevent fraying. 


f. On unjacketed shielded cable, spot tie shielding 
on cable with clove hitch and square knot. This is not 
necessary if cable has extruded plastic jacket over 
shield. 


TABLE 2-10 


Shielded Wire Terminations — Inner Sleeves 





Color 
Part Number Code 
MS21981 - 0:46 Tin 
- 058 Yellow 
- 063 Red 
- 071 Green 
- 080 Blue 
- 090 Orange 
- 096 Purple 
- 10) Yellow 
- 109 Red 
- 115 Tin 
- 124 Green 
- 128 Tin 
- 134 Orange 
- 149 Blue 
- 156 Red 
- 165 Tin 
- 175 Green 
- 187 Yellow 
- 194 Blue 
- 205 Orange 
- 219 Tin 
- 225 Yellow 
- 232 Red 
- 250 Green 
- 261 Blue 
- 266 Tin 
° 275 Orange 
- 281 Yellow 
- 287 Tin 
- 297 Red 
- 312 Purple 
- 375 Blue 


Inner Sleeve 


Insulation OD (nominal ) 
Under Shield ID OD 
031 - .041 .046 .070 
043 - .053 .058 .083 
048 = .0S8 063 .088 
.056 - .066 071 096 
065 + .075 .080 .104 
075 + .085 090 114 
081 - .091 .096 ~119 
091 - .096 101 124 
096 - .104 ~109 131 
.104- .110 115 146 
-110 - .119 124 - 145 
-110 - .123 128 152 
.123°- .129 134 156 
129 + .144 . 149 179 
145 -.151 .156 192 
151+ .160 165 194 
.160 - .170 175 .215 
~175 - .182 . 187 227 
-182 - .189 194 0225 
. 189 - .200 .205 245 
200 - .214 219 248 
214 + .220 2225 .256 
220 © .227 2232 .263 

.250 281 
227 - .255 .261 297 
.261 - .271 .266 297 
0255 * .270 .275 .306 
270 - .276 281 331 
276 - .282 .287 327 
282 © .292 297 336 
292 - 307 312 362 
-370 + .380 375 -406 
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TABLE 2-11 


Shielded Wire Terminations - UNINSULATED Outer Sleeves and Installing Tools 


Sleeve (ID 
Inches) Installing Tools 
Part Number Color Code Nominal (Thomas & Betts) 
\ 
MS21980 - 101 Tin 101 WT - 219 
- 128 luc 126 - 200 
- 149 Purple ~ 149 - 201 
- 156 Yellow - 156 - 202 
175 Blue ~175 - 203 
- {ST Oranpe . 187 - 206 
4 Red .194 - 206 
eA) Tin ~199 - 206 
© 205 Yellow ~ 206 - 208 
ia Green 219 - 208 
- 225 Purple s225 - 209 
= 252 Orange 2233 - 210 
- 261 Yellow 261 - 211 
28 Tin i279 ¢ 212 
- 281 Purple 281 - 214 | 
- 287 Blue ~ 287 - 214 
- 299 Green 299 - 214 
“12 Yellow °312 2215 
27. Tin 327 - 216 
- 346 Orange .346 ° 217 
- 359 Purple 0359 - 221 
= 57> Yellow ~375 - 222 
- 405 Red -405 - 218 
- 415 Blue 415 - 218 
- 460 Tin -460 - 220 
- 500 Green 500 - 223 
2-64. ALTERNATE PIGTAIL METHOD. See figure termination point. Comb out strands with comb (see 


2-31. Some shielding braids may be too stiff for the 


method described in 2—63, In this case, cut shielding 


figure 2~32) or pointed bakelite rod. Twist strands into 
pigtail, or separate strands into three parts, twist each 
part, and braid together. Tie with cord as described in 


with scissors approximately 1-1/2 inches forward of 2—63 step f. 
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TABLE 2-12 


Shielded Wire Terminations — INSULATED Outer Sleeves and Installing Tools 


Sleeve ID 
(Inches) Installing Tools 
Part Number Color Code Nominal (Thomas & Berts) 

MS18120 - 101 Tin -101 WT - 200 

- 128 Blue 2128 - 201 

- 149 Purple ~ 149 683 - 51135 

- 156 Yellow 156 WT - 206 

- 175 Blue e175 - 208 

- 187 Orange - 187 - 210 

- 194 Red 194 - 210 

- 199 Tin «199 - 210 

- 205 Yellow 205 - 211 

- 219 Green 2219 - 211 

- 225 Purple 0225 - 211 

- 232 Orange «232 - 212 

- 261 Yellow 201 - 214 

- 275 Tin sea) - 215 

- 281 Purple 281 - 217 

- 287 Blue . 287 - 217 

- 297 Green e297 - 217 

- 312 Yellow 312 - 222 

- 327 Tin 2327 - 222 

- 348 Orange 3-48 683 - 51014 

- 359 Purple 359 WT - 216 

- 375 Yellow 375 683 -51- 15 

- 405 Red 405 683 - 51141 - 1 

- 415 Blue -A1S 683 - 51141 -1 

- 460 Tin 460 683 - 51141 + 2 

- 500 Green 6500 683 - 51141 - 3 


LOOSENED 
SHIELD 


STEPS b and c¢ 


Neaeeu FOLDED BACK 


OVER INNER FERRULE 


es ee — eee 
0 AR A I F 


\ TWIST AND TIN 
CRIMP THIS AREA 





Figure 2-29. Alternate Procedure for Two Piece 
Grounding Sheath Connector Figure 2-30. Pigtail Termination for Shielded Wire 
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CORD SERVING 


TINNED 





Figure 2-3]. Alternate Pigtail Termination for 
Shielded Wire 


2-65. DEAD-ENDING SHIELDED CABLE. When the 
shielding is not to be grounded, it is dead-ended so as 
to gather all loose shield ends together to prevent them 
from puncturing insulation. 


2-66. DEAD-ENDING WITH GROUNDING SHEATH 
CONNECTOR. When equipment is available, dead-end 
shielded cable with grounding sheathconnector as_ de- 
scribed in 2—59, or 2—G1, omitting ground wire. Referto 
figures 2—27 or 2—28. Omit clearance allowed for ground 
wire when selecting outer sleeve. 


2-67. DEAD-ENDING WITH TAPE WRAP. When 
grounding sheathconnector and tools are not available, 
dead-end shielding as follows: See figure 2-33. 


a. Cut shielding braid with scissors about 3,4 inch 
forward of termination point. 


b. Loosen braid and turn back on itself 3/4 inch. 


FOLD SHIELD 
BACK ON ITSELF 


TIE WITH TWINE 


VINYL TAPE 


Figure 2-33. Dead:Ending Shield with Tape Wrap 
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STEEL WIRE CLOTH TAKEN 
FROM FILE BRUSH 
CEMENT IN PLACE 


MAKE FROM 1 INCH WOOD DOWEL EN 
Figure 2-32. Comb for Combing Out Shield 


c. Wrap with two or three turns of plastic tape, ma- 
king sure that all braid ends are covered. 


d. Tie loose endof tape withclove hitch and square 
knot, or heat seal end of tape with untinned side of 
soldering iron. A plastic wire strap or tie, as described 
in section XV may be used instead of tying cord to 
secure the loose end of the tape. 


2-68. ALTERNATE METHODS OF DEAD-ENDING. As 
alternate to method described in 2—CG. make pigtail as 
described in 2—G63 or 2—64, and trim pigt ul so it is 3/4 
inch long. Crimp trimmed pigtail into one end of prein- 
sulated permanent splice of suitable size, and tie back 
on shielded part of cable. See figure 2—34. If perman- 
ent splice is not available, cut tongue off solderless 
terminal of suitable size, and crimp pigtail into it. Pro- 
tect with slecve and tie back on wire, similar totie 
used with permanent splice. 


MS25181 PRE-INSULATED 
PERMANENT SPLICE 


TIE WITH TWINE 


Figure 2-34, Dead-Ending Shielding with 


Permanent Splice 
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SECTION III 
GENERAL PURPOSE CONNECTORS 


3-1. INTRODUCTION. 


3-2. GENERAL. Connectors provide means of quickly 
connecting and disconnecting wires to simplify ine 
stallation and maintenance of electric and electronic 
equipment. 


3-3. SCOPE. This section describes and illustrates 
the types and classes of Military Standard connectors 
and the recommended procedures for attaching wires to 
connector contacts. AN type connectors were formerly 
designated with the prefix ''AN’’, and older connec <ors 
may still be found with this prefix. The superseding 
connector has the same pare number except that the 
*fAN”’ has been replaced by ‘'MS’’, Orher connectors, 
commonly used in aircraft, similar to MS connectors, 
are also described and illustrated in this section. RF 
connectors are treated separately in section IV. 


3-4. REFERENCE SPECIFICATIONS, DRAWINGS 
AND DOCUMENTS. 


VV-P—-236 Petrolatum, Technical 

QQ-S-571 Solder, Lead Alloy, Tin Lead Alloy 
and Tin Alloy 

MIL—I-631 Insulation, Electrical, Synthetic- 
Resin Composition, Non-Rigid 

MIL—T-—713 Twine, Lacing and Tying, Electrical 
and Electronic Equipment 

MIL—C-—SO1L5 Connectors, Electrical, AN Type 

MIL—W—5088 Wiring, Aircraft, Installation of 

MIL—C—5649 Cord, Cotton, Braided, Pre-Waxed 

MIL—A-—G091 Alcohol, Ethyl, Specially Denatured, 
Aircrafe 

MIL—S—6872 Soldering Process, General Specifi- 
cation for 

MIL—D-—6998 Dichloromethane, Technical 

MIL~I-—7444 Insulation Sleeving, Electrical, 
Flexible 

MIL —S—85 16 Sealing Compound, Synthetic Rubber, 
Electric Connectors and Electric 
Systems, Accelerator Required 

MIL—I-— 18057 Insulation Sleeving, Electrical, 
Flexible, Glass Fiber, Silicone 
Rubber Treared 

MIL~T—22520 Tool, Crimp Type, for Contacts of 
Electrical Connectors 

MIL—C—23216 Contacts, Crimp Type, Electric Con- 
nector, General Specification for 

MIL~C—26482 Connectors, Electric, Circular, Min- 


tature, Quick Disconnect 


MIL —C-—26500 Connectors, General Purpose, Elec- 
trical, Miniature, Circular, Fnvi- 
ronment Resisting, 200°C Ambient 

Contracts, Crimp Type, for Electrical 


Connectors 


MIL—C-—20636 


MS3103 Connectors - Receptacle, Electric, 
for Potting 

MS3191 Tool, Hand, Crimp, Class I-for Con- 
tacts of Electric Connectors 

MS3196 Gage, Inspection, for Contact Crimp- 
ing Tool 

MS24256 Tool-Contact Connector, Assembly 
and Disassembly 

MS25 183 Connector, Plug, Electric for Potting 


MS 25274 Cap, Wire End (Class I) 
Navy-BuWeps EMC No. 89-55- Electric Connector 
Sealing 


3-5. DESCRIPTION. 


3-6. GENERAL DESCRIPTION OF AN-MS CONNEC- 
TORS. Each complete AN-MS connector consists of 
two parts: a plug assembly and a receptacle assembly 
coupled by means of acoupling device which is part of 
the plug assembly. Standard AN type connectors are 
coupled witha threaded coupling ring except for MS3107, 
which has a friction coupling. Miniature MS connec- 
tors, a smaller lightweight version of the AN type 
connector, are coupled by means of a threaded ring, a 
bayonet lock or by push pull coupling. See figure 3-1 
for illustrations of AN type connectors, and figure 3—2 
for illustrations of miniature MS connectors. 


3-7. The receptacle is usually the ‘‘fixed’’ pare of the 
connector, and is attached to a wall, bulkhead or equip- 
ment case. The plug is the removable part of the con- 
nector and includes the coupling ring. When the two 
parts are joined by the coupling device, the electric 
circuit is made by pin-and-socket contacts inside the 
connector. The ‘‘live’’ or ‘‘hot’’ side of the circuit 
usually has socket (female) contacts. Either the plug 
or the receiptacle may contain the ‘‘live’’ parts of the 
circuit. The contacts are held in place and insulated 
from each other and from the shell by a dielectric im 
sert. Insert and contacts are housed in a metal shell. 
See figure 3-3 for the exploded view of a typical plug 
and figure 3—4 for the exploded view ofa typical recep- 
tacle, 
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MS3 102 
BOX RECEPTACLE 


MS3101 
CABLE PLUG 


MS3 100 
WALL RECEPTACLE 








MS3 106 
STRAIGHT PLUG 


MS3 106 
STRAIGHT PLUG 


MS3 107 
QUICK DISCONNECT PLUG 








MS3 108 
ANGLE PLUG 


MS3 108 
ANGLE PLUG 





Figure 3—1. MS Connectors.— AN Type 
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WALL MOUNTING RECEPTACLE BOX MOUNTING RECEPTACLE JAM NUT RECEPTACLE 
SOLDER: MS3110 & MS3130 SOLDER: MS3112 & MS3132 SOLDER: MS3114 & MS3134 
CRIMP: MS3120 & MS3140 CRIMP: MS3122 CRIMP: MS3124 & MS3144 


STRAIGHT PLUG THRU-BULKHEAD RECEPTACLE SHORT PLUG 
SOLDER: MS3116 SOLDER: MS3119 & MS3139 SOLDER: MS3137 
CRIMP: MS3126 CRIMP: MS3147 


CLASS E CLASS F CLASS P CLASS J 
GROMMET SEAL STRAIN aston POTTING SEAL GLAND SEAL 
CLAM 


eo. MINIATURE CONNECTORS MIL-C+26482 - SOLDER AND CRIMP-TYPE CONTACTS 


FLANGE MOUNTING RECEPTACLE SINGLE-HOLE MOUNTING STRAIGHT PLUG 
MS24264 RECEPTACLE MS24266 
MS24265 


b. MINIATURE CONNECTORS MIL-C-26500 - CRIMP-TYPE CONTACTS ONLY 





Figure 3-2. MS Connectors — Miniature 
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MS3 106A 


quantity 





PIN REAR 
INSERT 
BACK SHELL 


FRONT SHELL 


RETAINING RING SOCKET I eos SOCKET 


COUPLING RING 
eae cE sear 
INSERT CONTACT 





Figure 3—3. MS Connector Plug — Exploded View 


MS3 100A 


PIN REAR 


RE: PIN FRONT FRONT SHELL 
| INSER R 
BACK SHELL : te 


RETAINING RING SOCKET REAR 


SOCKET 
INSERT 


SOCKET FRONT INSERT 
CONTACT 





Figure 3~4. MS Connector Receptacle — Exploded View 
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3~—8. AN-MS connectors are separated into types and 
classes, with manufacturer’s variations in eachtype and 
class. These variations are in the method of meeting 
specification requirements, and in appearance. The 
variations are minor, and do not affect the ability to 
mate plugs andreceptacles made by different manufac- 
turers. There are six AN types of standard MS connec- 
tors as lisced in table 3—1 and shown in figure 3—1. The 
connectors are further separated into the six classes 


listed in table 3-2, 


TABLE 3-1 


AN Types of Standard MS Connectors 


MS Type Nomenclature 

MS 3100 Wall Mounting Receptacle 
MS 3101 Cable Connecting Plug 
MS 3102 Box Mounting Receptacle 
MS 3106 Scraight Plug 

MS 3107 Quick Disconnect Plug 
MS 3108 90 Degree Angle Plug 


3-9. AIR CONNECTOR TYPES. See figure 3-1, The 
following sixtypes of standard AN type connectors are 
used in aircraft: 


MS 3100 -a receptacle with flange for mounting to 
wall or bulkhead. Contains front shell, insert retaining 
ring, insert, contacts and back shell. Connectors with 
resilient inserts omit the insert retaining ring. See fig- 
ure 3—4 forthe exploded view of atypical receptacle of 
this type. 


MS 3101 +a plug used at the end of a wire or wire 
bundle where mounting is notnecessary. Similar to MS 
3100 excepc chat it has no mounting flange. 


MS 3102 -a receptacle with flange for mounting to 
a junction box or equipment case. Similar to MS 3100, 
except that it has no back shell. 


MS 310G6- a straight plug, used at the end of a wire 
or wire bundle. Consists of front shell, coupling nut, 
insert retaining ring, insert, contacts and back shell. 
Connectors withresilient inserts omit the retaining ring. 
See figure 3—3 for exploded view of a typical plug of 
this type. 


MS 3107 -a ‘‘quick-disconnect’’ plug, used where 
fasc pull disconnection fromthe receptacle is necessary. 
Ie is similar to MS 3106 except that it is coupled to an 
MS receptacle by means of a friction ring instead of a 
coupling nut. 


MS 3108 - aright-angle plug, used where wiring must 
make an abrupt change indirection as itleaves the plug. 
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3-10. AN - MS CONNECTOR CLASSES. There are six 
classes of AN-MSconnectors. All have aluminum alloy 
shells except Class K which has a steel shell to achieve 
fire resistance. 


Class A- general-purpose connector with solid one- 
piece back shell. Plugs and receptacles shown in fip- 
ure 3—1 are all Class A (solid back shelis). 


Class B-connector with back shell split in two, 
lengthwise, used where itis important to be able to pet 
at soldered connections easily. The two halves of the 
back shell are held together by clamping ring, or by 
screws. See figure 3~—5 for exploded views of typical 
split shell MS connectors. 


Class C-pressurized connector, used on walls and 
bulkheads of pressurized equipment. Externally it looks 
the same asa Class Areceptacle, but the inside sealing 
arrangement is different. Insertsof Class C connectors 
are notremovable. Mating the Class C receptacle to 
the other class plugs does notaffect the sealing quali- 
ties of the Class C receptacle. 


Class E - environment (mcisture and vibration) re- 
sisting connector, used in areas where changes in tem- 
perature may cause condensation, or where there is 
likely to be vibration. Class E connectors have a seal- 
ing grommet in the back shell. The wires pass through 
tight ficcing holes in the grommet and are thereby sealed 
against moisture. The contacts are supported in a re- 
silient insert. For proper performance mate Class E 
receptacles to Class E plugs. 


Class K -fircproofconnector, used where it is vital 
that current continue to flow even though the connec- 
tor may be exposed to continuous open flame. Class 
K connectors are longer in overall length than other 
classes, and havea shell made of steel instead of alum- 
inum alloy. Inserts of Class K connectors are of spe- 
cial fireeresistant material, and have crimp-type con- 
tacts instead of solder-type. 


Class R-lightweight environment resisting connec- 
tor similar to the Class E connector, and intended to 
replace it where shorter length and lighter weight are 
required. AnO - ring is provided in the MS 3106 and 
MS 3108 plugs for additional sealing. 


3-11. MINJATURE MS CONNECTORS. TwoMilitary 
Specifications cover the mintature MS connectors most 
commonly used in aircraft: MIL—C—26482 and MIL—C— 

26-500. Connectors manufactured to the requirements 
of MIL—C—26482 may have contacts of either the con- 
ventional solder-type, or crimp type. MIL—C—26500 
connectors have crimp-type contacts only. Connectors 
to both specifications have contacts in sizes 20, 16 and 
l2 only. The types and classes of miniature MS con- 
nectors with solder-type contacts are listed in table 
3-3, Miniature MS connectors with crimp-type contacts 
are available inthe types listed in table 3—4, and are of 
the environment resisting classes. 
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TABLE 3-2 


Classes of AN type Connectors 


Yes 
Yes 


Yes 


Yes 
No 
No 
Yes 
No 


Yes 
No 
Yes 
Yes 
Yes 


Availabiliry 
Class Application Shell 3100 3101 3102 3106 3107 
A General Purpose Solid Aluminum Alloy Yes Yes Yes Yes Yes 
B General Purpose Split Aluminum Alloy Yes Yes No Yes Yes 
C Pressurized 
Receptacle Solid Aluminum Alloy Yes No Yes No No 
E Environmental Solid Aluminum Alloy 
Resistant with strain relief clamp Yes Yes Yes Yes No 
K Fire and Flame Solid Steel Yes No Yes Yes No 
Resistant 
R Environmental Solid Aluminum Alloy Yes Yes Yes Yes No 
Resistant 
TABLE 3-3 
Types and Classes of MIL-C-26482 Miniature MS 
Connectors with Solder Contacts 
, Availability 
MS Type Nomenclature Class Class Class Class Class 
E F P H 
Bayonet Coupling: 
MS3110 Wall Mounting Receptacle Yes Yes Yes No 
MS3112 Box Mounting Receptacle Yes No Yes_ Yes 
MS3114 Rear Mounting Jam Nut Receptacle Yes No Yes Yes 
MS3 116 Straight Plug Yes Yes Yes No 
MS3119 Thru-Bulkhead Mounting Receptacle Yes No Yes No 
Push-Pull Coupling: 
MS3 130 Wall Mounting Receptacle Yes No Yes No 
MS3132 Box Mounting Receptacle Yes No No Yes 
MS3134 Single-Hole Mounting Receptacle Yes No Yes Yes 
MS3 137 Short Plug Yes No Yes No 
MS3 138 Lanyard Plug Yes No Yes No 
MS3139 Thru-Bulkhead Mounting Receptacle Yes No No No 


TABLE 3-4 
Types of Miniature MS Connectors with Crimp- 
Contacts 
MS Type Nomenclature 


1. MIL—C—26482 


Bayonet Coupling: 


MS3120 Wall Mounting Receptacle 

MS3122 Box Mounting Receptacle 

MS3124 Rear Mounting Jam Nut Receptacle 
MS 3126 Straight Plug 


Push-Pull Coupling: 
MS3140 Wall Mounting Receptacle 


MS3144 Single-Hole Mounting Receptacle 
MS3147 Plug 
MS3 148 Lanyard Plug 


2, MIL—C-—26500 


MS24264 Flange Mounting Receptacle 
MS24265 Single Hole Mounting Receptacle 
MS24 266 Straight Plug 


AMPHENOL 


CANNON 


Figure 3-5. Split Back Shell Connector 


3-12. MINIATURE MS CONNECTOR TYPES-SOLDELR 
CONTACTS. The following types of miniature MS con- 
nectors with solder contacts are used in aircraft: 


MS3110 - areceptacle with flange for mounting to a wall 
or bulkhead; 1s coupled by means of a bayonet lock. 


MS3112- a receptacle for mounting to junction box or 
equipment case similarto MS3110 except that it has no 
back shell; has bayonet lock coupling. 


MS3114 - a rear mounting receptacle, with jam nut in- 
stead of tlange; has bayonet lock coupling. 


MS3116- a straight plug for use at end of wire or wire 
bundle; has bayonet lock coupling. 





Section III 
Paragraphs 3-12 to3—13 


MS3119 - athruebulkhead mounting receptacle; has bay- 
onet lock coupling. 


MS3130-a receptacle similar co MS3110, except that 
it has push-pull (ball lock) coupling. 


MS3132 +a receptacle similar to MS3112, except that 
it has push-pull coupling. 


MS3134 - a single-hole mounting receptacle, similar to 
MS3114, except that it has push-pull coupling. 


MS3137 + a straight plug similar to MS3116 except that 
it has push-pull coupling. 


MS3138- a plug with lanyard, has push-pull coupling. 


MS3139 - a thru-bulkhead mounting receptacle, similar 
to MS3119 except that it has push-pull coupling. 


3-13. MINIATURE MS CONNECTOR TYPES - CRIMP 
CONTACTS. These connectors are similar to the minia- 
ture connectors listed in 3—12, but have removable 
contacts to which wires are crimped with a standard 
crimping tool, instead of soldered. Connectors with 
crimp-type contacts are available in the following types: 


MS3120 - areceptacle with flange for mounting to a wall 
or bulkhead; is coupled by means of a bayonet lock. 


MS3122- a receptacle for mounting to junction box or 
equipment case similar to MS3120 except that it has no 


back shell; bayonet lock coupling. 


MS3124 - a rear mounting receptacle, with jam nut ins- 
tead of flange; bayonet lock coupling. 


\({S3126 - a straight plug for use at end of wire or wire 
bundle; bayonet lock coupling. 


MS3140 - a flange-mounting receptacle, similar to MS- 
3120 except that it has push-pull coupling. 


MS3144 - a sinple-hole-mounting receptacle, similar to 
MS3124 except that it has push-pull coupling. 


MS3147-a plug for use at end of wire or wire bundle; 
push-pull coupling. 


MS3148- a plug with lanyard; push-pull coupling. 


MS24264 - a receptacle with flange for mounting to a 
wall or bulkhead. 


MS24265 - a receptacle with jam nut for pane! mounting. 


MS24206 - a straight plug used at the end of a wire or 
a wire bundle. 
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3—14. MINIATURE MS CONNECTOR CLASSES. There 
are five classes ot miniature MS connectors with solder- 
type contacts. These are: 


Class E - an environment (moisture and vibration) 
resisting connector, moisture-proofed by means of a 
wire grommet scal and clamping nut. 


Class F - an environment resisting connector, simi- 
lar to Class E, with addition of a strain relief clamp. 


Class H - hermetic sealed receptacle which has a 
glass insert fused to the contacts and the shell. 


Class J - a connector incorporating a gland seal for 
sealing a jacketed cable. 


Class P - connectors supplied witha plastic potting 
mold, so that the connectors may be sealed by the ap- 
plication of a potting compound. 


3-15. MS CONNECTOR MARKING. Each MS connec- 
tor is marked on the shell or coupling ring with a code 
of letters and numbers giving all che information ne- 
cessary to identify the connector. See figure3—6. A 
typical code is as follows: 


MS3114E12-10PW 


Shell Insert Insert 
MS Number Class Size Arrangement Style Position 


a. Theletcers ''MS’’ indicate that the connector has 
been made according to Government Standards. 


b. Numbers suchas 3]]14indicate type of shell, and 
whether plug or receptacle. (Refer to 3—12) 


c. Class letter indicatcs design of shell, and for 
what purpose connector is normally used. (Refer to 


3—14) 


d. Numbers following class letter indicate shell size 
by outside diamerer of mating part of receptacle in one- 
sixteenth inch increments, or by the diameter of the 
coupling thread in sixteenths of an inch. For example 
size 12 has an outside diameter or a coupling thread of 
3/4 inches. 


Note 


MIL—C—26500 connectors have an additional 
letter to indicate type of coupling between the 
shell size and insert arrangement code num- 
bers. These letters are ‘'T’’ for thread 
coupling, ‘‘B’’ for bayonet coupling and ‘'Q’’ 
for push-pull coupling. For example: MS 
24264R18B30P6, where B indicates type of 
coupling. 

e. Numbers following hyphen indicate insert arrange- 
ment. This number does not indicate the number of con- 
tacts. Military Standard drawings cover contact arrange- 
ments approved for service use. See figures 3—7, 3-8 
and 3-9 for illustrations of insert arrangements. 


f. Firse letter following number indicates styleof 
contact. 
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g- Second letter indicates alternate insert position. 
Insert position letters W, X, Y or Z, indicate that the 
connector insert has been rotated with respect to the 
shell a specified number of degrees from the normal 
position. Alternate positions are specified to prevent 
mismating when connectors of identical size and con- 
tact arrangement are installed adjacent to each other. 
These alternate positions are shown on governing mili- 
tary standard drawings. If no letter appears the insert 
is in the normal position. On connectors with multiple 
keyways the degree of rotation is measured from the 
widest keyway. See figure 3-10 for typical alrernate 
position arrangements. 


STANDARD 
TYPE NUMBER 


INSERT ARRANGEMENT 
NUMBER 


CONTACT STYLE 
INSERT ROTATION 


Figure 3—6. MS Connector Marking 


Note 


Alternate insert positions on MIL—C—265100 
connectors are indicated by numbers 6, 7, 8, 
9 and 10 instead of by letters. 


Note 


AN-MS connectors MS3100 through MS3108 
with socket contacts, have che letter ‘*C’’ 
stamped on the connector after the code iden- 
tification marking, indicating that the required 
prod damage test has been met. 


3—16. MS CONNECTOR CONTACTS. There are two 
kinds of contacts found in MS connectors: solder type, 
and crimp type. Crimp type contacts are removable. 
Contact sizes are related to AN wire sizes, but not all 
wire sizes have corresponding contacts. Contacts ac- 
commodate a range of wire sizes as shown intable 3—5. 
Itis sometimes necessary to use a wire larger than that 
included in the indicated range. Special instructions 
are given for this in 3~101 and 3-102. 


CAUTION 


Use only contacts designed for use with the 
connector. When replacing contacts, make 
sure that replacement contact is identical with 
contact being replaced. 
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Figure 3—7. Insert Arrangements — AN Type Connectors, MIL—C—5015 
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a. INSERT ARRANGEMENTS FOR MIL-C26482 CONNECTORS WITH BAYONET COUPLING ENGAGEMENT 


Figure 3-8. Insert Arrangements — MS Miniature Connectors, MIL—C—26482 (Part !) 
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NOTE: FACE VIEW OF PIN INSERTS. 


ALL INSERTS SHOWN IN 
NORMAL POSITION 
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INSERT ARRANGEMENTS FOR MIL-C-26482 CONNECTORS WITH PUSH-PULL ENGAGEMENT 


b. 


Figure 3—8. Insert Arrangements — MS Miniature Connectors, MIL—C-—26482 (Part 2) 
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shell size 


size 20 contacts 
rated 7.5 amperes 


for wire sizes 24-22-20 AWG 


Max =.0901in. Min = 040 in 12 contacts | 15 contacts 24 contacts 


31 contacts 55 contacts 


size 16 contacte 

rated 20 amperes ; 

for wire sizes 18-16 AWG 

insulation 0.0. 3 ’ 

Max: =.1301n. Min = .064 in. contacts | 7 contacts 14 contacts is-eontacis 


size 12 contacts 
rated 35 amperes 
for wire sizes 14-12 AWG 
insulation 0.0. 
Max: =.170 in. Min: = .106 in. 4 contacts 
size 16 contacts 3 contacts 11 contacts 
see above wire 
accommodations 
«2 shielded contact 

: 2 #16 

2 shielded 10 #16 

ratedite eeeees nae smelde 1 #2 shielded 


for shielded cable size 20 
per MIL-C-7078. type II back face of pin insert as shown 





Figure 3-9. Insert Arrangements — MS Miniature Connectors, MIL~C-—26500 








IN MULTIPLE-KEYWAY CONNECTORS 
REFERENCE 1S TO WIDEST KEYWAY 


D 
@ D 
(_S 
Cy 
SS 





TABLE 3-5 


Contacts and Their Wire Size Range 









Contact Wire Size 
aca Size Range 
W POSITION 
POSITION fe ROSbHON *20 *24-20 
*16 *22-16 
. o 
‘= 12 *14-12 
O 8 10-8 
D 
D 6-4 
Y POSITION Z POSITION 0 2-0 
FRONT VIEW SOCKET INSERT (PIN INSERT OPPOSITE) 
D EQUALS DEGREES OF ROTATION 
Figure 3—10. Alternate Positions of Connector Inserts *Available in crimp type connectors 
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3-17. MS CONNECTOR CABLE CLAMPS. Connector 
cable clamps are used at the back end of MS connectors, 
except potted connectors, to support wiring, and to pre- 
vent twisting or pulling on soldered connections. There 
are three types of MS cable clamps as shown in figure 
3-11. These are as follows: 


a. MS3057 - consists of a clamp body, two washers, 
and a clamp saddle held on the clamp body by two 


screws and lockwashers. 
| fe REMOVABLE 
b. MS3057A - consists of a clamp body andtwo sad- | SADOLE 


dles held on by screws and lockwashers. Used with MS3057 
AN3420 telescoping bushing. 


c. MS3057B - one piece clamp with no separate cap 
or saddles. Used with AN3420A bushings. 


3~18. MANUFACTURERS VARIATIONSIN MS CON- 
NECTORS. (See figure 3—12) Standard AN-MS plugs and 
receptacles made tothe requirements of a Military Spe- 
cification may show differences in appearance between 
one manufacturer and another. Also minor changes in 
disassembly and installation instructions may be re- 
quired. The texte and illustrations to follow will show 
differences in detail. 


REMOVABLE 
SADDLES 


3-19. MS POTTING CONNECTORS. These connectors 
are usedonly where potting is required. They are simi- 
lar to other standard types, except that they have a 
shorter body shell and include a potting boot. MS potting 
connectors are available in the following types: (See 
figure 3—13). 


MS 3103 - areceptacle with flange for mounting toa wall 
or bulkhead. : 


GROUNDING 


MS 25183 - a Straight pl sed at the end of a wire or 
3 ent plug u SCREWS 


wire bundle. 


MS 25183A - similar to MS 25183, with the addition of 
a grounding screw. 


3-20. SPECIAL PURPOSE CONNECTORS. In addi- 
tion to connectors with MS numbers, there are some 
special connectors commonly used in aircraft: 








AMP HENOL BENDIX CANNON 





Figure 3~12. Manufacturer's Variations in AN-MS Connectors 
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a. Connectors with crimp-type contacts (Amphenol 
#69 series, Cannon Ex-A Series and Bendix 10-214000 
sertes standard size; Bendix CE series miniature). 
Connectors similarto MS standard or MS miniature solder 
type connectors, but with removable crimp-type contacts, 
are available for use where the added reliability of a 
crimped connection, and the greater ease of circuit 
change and maintenance provided by removable contacts 
is desirable. These special connectors will mate with 
the corresponding MS connectors, and are similar in 
appearance. 


b. Subminiature connectors (Cannon US series). 
These are wire connecting types only; they have no 


mounting flanges, but can be mounted with nut and lock- | 


washer. They are usedon instruments, switches, relays, 
transformers, amplifiers, etc. See figure 3-14. 


c. Rectangular shell connectors (Bendix SR; Cannon 
DPD). See figure 3-15. These connectors are flanged 
for panel or equipment mounting. They consist of an 
aluminum alloy shell, rigid or resilient insert, and pin 
or socket contact. They are usually potted to protect 
connections against moisture at the back of the con- 
nector, The mating faces are not moisture sealed. 


MS3 103 


MS25 183 


Figure 3-13. Potting Connectors 
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d. Miniatu.e rectangular connectors (Winchester A 
and SA series). These are rack-and-panel connectors, 
having aone piece molded body and pin and socket con- 
tacts. These connectors are available witheither sold- 
€r cup contacts or taper pin receptacles. See figure 


3-16. 


e. Environment-resi sting fireproof connectors (Can- 
non KE series). These connectors are similar to the 
MS-K series, with the addition of a moisture-resisting 
seal. They will mate with MS-K plugs or receptacles, 
but retainthe moisture sealing feature only when mated 
with corresponding KE series plugs or receptacles. 


RECEPTACLE WITH PIN INSERT 





Figure 3-14. Subminiature Connectors 
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PIN CONNECTOR 


SOCKET CONNECTOR 





Figure 3~—15. Rectangular Shell Connectors 


3-21. DISASSEMBLY OF CONNECTORS. 


3~22. GENERAL. Solder type contacts size 8 and small- 
er are usually not removed for assembly purposes. Large 
solder contacts (size 4 and larger) are removed from 
connectors with hard inserts co protect the insert against 
the greater amount of heat necessary to properly solder 
wires tothe larger contacts. Large solder contacts may 
be removed from connectors with resilient inserts pro- 
vided the connector is not a pressurized assembly with 
the contacts bonded into the insert. Crimp-type contacts 
are removed to enable the contact and wire assembly 
to be inserted into a crimping tool. Detailed instruc- 
tions for disassembly of each MS connector variation 
are given in the following paragraphs. Because of the 
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RECEPTACLE 





Figure 3-16. Miniature Rectangular Connectors 


differences in connectors made by the manufacturers, 
the detailed disassembly instructions are given sep- 
arately for each manufacturer where necessary. 


3-23. REMOVAL OF BACK SHELLS, Remove back 
shells, if present, from all connectors before attaching 
wires. Solid back shells of Classes A, C and K are 
removed by unscrewing from the front shell as shown in 
figure 3—17. 


Split back shells of Class B connectors are held togeth- 
er either by an assembly ring or by captive screws. 
See figure 3~—18 for details of disassembly. 


Class E and Class R connectors require a special 
disassembly technique which is described in later 
paragraphs. 


STRAP WRENCH 


SOLID BACK SHELL 


LEAD JAW PADS TO 
PROTECT CONNECTOR 


Figure 3~17. Removal of Solid Back Shell 
CONNECTOR BODY 


COUPLING NUT 


SPLIT SHELL 


CONNECTOR 
BODY 





-~SHELL 
ASSEMBL Y 
NUT 


COUPLING ASSEMBLED 


NUT CONNECTOR sHELL ASSEMBLY 


NUT 
Figure 3-18. Removal of Cannon Split Back Shell 





3-24. REMOVAL OF CONTACTS. Solderetype contacts 
sizes 4 and 0 are removed before soldering provided 
they are not bonded in the connector (referto 3-22). 
Amphenol Class Cpincontacts sizes 4 and0 are thread- 
ed into the insert and can be removed safely. Size & 
contacts (if not bonded in the connector), may be re- 
moved if close spacing makes soldering difficult. 


CAUTION 


Avoid removing contacts from Class C, Class 
E and Class R connectors. Never remove 
inserts from Class C, E and R connectors. 
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Solderless contacts such as supplied in Class K must 
be removed in order to crimp wire into contacts. Con- 
tacts are removed by the following procedures: 


a. Cannon spring clip contacts (see figure 3—19) are 
removed by prying off the clip witha small screw driver 
or scriber. Rotate contact 90 and lift out. 


b. Amphenol two piece inserts have contacts which 
are held in place by the insert halves. See figures 3—20 
and 3—21. Pry out retaining ring which holds insert in 
place with small screw driver. Remove inserts and 
separate them. This will free contacts. 


c. Some Bendix and Cannon connectors have resi- 
lient inserts. Contacts are removed from these resili- 
ent inserts by pushing against the solder cup end with 
a round phenolic rod a little smaller in diameter than 
the solder cup. An arbor press, as shown in figure 
3-22 is helpful in removing large size contacts. 


CAUTION 


Never use pliers to remove contacts. This 
will damage the contacts. 


PRYING OFF RETAINING CLIP 


ROTATE 90° 
BEFORE 
RETRACTING 


RETAINING 


REMOVING CONTACT 





Figure 3-19. Removal of Cannon Clip Held Contacts 
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PRYING OUT 
RETAINING RING 


AS 3 
SS-— 


Ss 
4 
SD 


PRO 





Figure 3-20. Removal of Amphenol Insert Assembly 






BODY SHELL 


FRONT INSERT 


RETAINING RING 


>, 


REAR INSERT 








SOCKET CONTACTS 






Figure 3—21. Amphenol Contact and Insert 
Assembly — Exploded View 


ARBOR PRESS 


DRILL ROD 
SMALLER IN 
DIAMETER 
THAN CONTACT 
SOLDER CUP 


CLEARANCE HOLE IN 
ANVIL OF PRESS 





Figure 3-22. Removal of Solder Contacts from 
Resilient Insert 


3~25. DISASSEMBLY INSTRUCTIONS FOR AN-MS 
CLASS E CONNECTORS. Class E (environmentere- 
sisting) connectors are made in two forms. Those made 
by Bendix have a separate cable clamp similar to MS 
3057B. Those made by Cannon use a cab!e clamp which 
is part of the back shell and similar to MS 3057A (see 
figure 3—23). 


3-26. Disassembly of a Bendix Class E connector is 
accomplished as follows: 


a. Unscrew cable clamp from back shell, using strap 
wrench or padded jaw connector pliers if necessary. 


b. Remove tapered grommet compression sleeve and 
grommet from back shell. 


c. Unscrew back shell from body assembly using 
strap wrench or padded jaw pliers if necessary. 


d. Remove contacts size 8 and larger/as described 
in 3-24. 


Note 


Avoid removing contacts from Class E recep- 
tacles, 


GROMMET 
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AN3420 


TELESCOPING BUSHINGS 


BODY ASSEMBLY 


GROMMET FOLLOWER 





BACK SHELL 


Figure 3—23. Class E Connector — Cannon — Exploded View 


3-27. Disassemble Class E connectors made by Cannon 
as follows: 


a. Remove cable clamp saddle by removing two 
screws. Unscrew cable clamp if MS 3108E. 


b. Unscrew back shell from body assembly, using 
strap wrench if necessary. 


c. Remove AN3420 telescoping bushing(s). 


d. Remove grommet follower (grommet retainer) and 
grommet. 


e. Remove contacts size 8 and larger as described 


CAUTION 


Do not remove inserts of moisture-proof con- 
nectors. Removal will destroy the moisture- 
proofing. Do not remove contacts smaller than 
size 8 except for replacement. 


3—28. MS CLASS R CONNECTOR DISASSEMBLY. 
These new lightweight environmenttesisting connectors 
differ in appearance from Class E connectors. Sce fig- 
ure 3—24, Class R connectors have no separate Fable 
clamp. A grommet, grommet compression nut and ring are 
preassembled as a single unit, whichis disengaged from 
the shell assembly before wiring contacts. The cable 
clamp has been replaced with a back nut and compres- 


sion.sleeve., The nut backs the grommet away from the 
contacts when removed. To disassemble, remove coms 
pression sleeve and grommet and unscrew back nut from 
body assembly. See figure 3—25. The cable clamp has 
been retained on the MS3108R angle plug which is iden- 
tical with MS3108E except for improved sealing. Other- 
wise disassembly instructions for Class R connectors 
arethe same as forthe Class E connectors. To effect 
a satisfactory seal, the grommet must seat against the 
rear face of the insert. 


3-29. DISASSEMBLY OF MINIATURE MS CONNEC- 
TORS WITH SOLDER TYPE CONTACTS. Miniature 
MS environmenteresisting connectors, Class E, are dis- 
assembled as described in 3—25, except that there is 
no back shell, and contacts are not removed. Class P 
potting connectors are disassembled by removing the 
plastic potting mold and retaining ring. Class H hermet- 
ically sealed connectors are not disassembled. 


3-30. INSTRUCTIONS FOR MS CONNECTORS WITH 
REMOVABLE CRIMP-TYPE CONTACTS. The contacts 
for this type of connector are usually packaged separa- 
tely, so very little disassembly of the connector is ne 
cessary. For Class E or F connectors, remove the 
grommet compression nut and sleeve. The grommet is 
bonded tothe insert and is not removable. On Class P 
connectors, remove the potting mold and retaining ring. 
If the contacts have been assembled into the connector, 
remove them as described in 3—91. 
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AMP HENOL 





BENDIX 





CANNON 


Figure 3-24. Class R Connectors 
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3-31. DISASSEMBLY INSTRUCTIONS FOR CANNON 
DPD CONNECTORS. Cannon DPD connectors are used 
in installations where itis necessary to simultaneously 
disconnect coaxial cables and general purpose wires. 
DPD connectors are disassembled as follows: (See fig- 
ure 3—26) 


a. Remove four self-locking nuts. 


b. Lift away coaxial contact and insert retainer 
clips. 


c. Pull out coaxial contacts from rear of insert. 


d. Remove insert from front of body. 


3-32. SUBMINIATURE CONNECTOR DISASSEMBLY. 
(Cannon US series) Contacts are not removed from this 
type of connector. The connector is disassembled by 
removing the keeper, coupling nut, two-piece plastic 
sleeve and ferrule; these pieces are installed over the 
wire bundle in chat order before soldering wires to the 
contacts. See figure 3—27 for an exploded view of this 
connector. 


3~33. MINIATURE RECTANGULAR CONNECTORS, 
No disassembly is necessary for these connectors. 


3-34. ASSEMBLY OF WIRES TO CONNECTORS. 


3~35. WIRE TYPES. Fivetypes of wire and cable are 
normally fastened to connectors. These are: 


a. Tinscoated copper wire (MIL—W-—5086) 


b. Silverscoated copper wire (MIL—W—7139, MIL—W 
~8777, MIL—W—16878, MIL—W—22759) 


c. Nickel-placed copper wire (MIL—W—22759, MIL— 
C--25038 and MIL—W—27300) 


d. Coaxial cable (MIL—C-—17) 
e. Thermocouple wire (MIL~W-—5845, MIL—W—5846) 


The choice of wire is controlled by the installation re- 
quirements and is indicated onthe engineering drawing 
and parts lists. 


3-36. SOLDERS, Solders and other fastening means 
are matched to the wire type and co the installationas 
follows: 


a. Soft solder - 60/40 tinelead (Federal Specifica- 
tion QQ -S 571, composition Sn 60) is used for tine 
coated copper wire and for coaxial cable. 


b. Solf solder - leadesilver (Federal Specification 
QQ-S-571, composition Ag 2.5 or Ag 5.5)is used for 
silverecoated copper wire. 


c. Crimp connections are used for nickel-clad copper 
wire, and tin, silver or nickel coated copper wire. 


d. Thermocouple wires require special procedures 
which are detailed in section VII. 


Section lil 






COUPLING NUT 


GROMME T 


PLUG SHELL 


BACK NUT 


COMPRESSION 
SCREWS 


COMPRESSION SLEEVE Cef 


Figure 3-25. Class R Connector — Bendix — Exploded View 





SOLDER POT 
COVER 


COAXIAL CONTACT 
AND INSERT RETAINER CLIP 


INSERT ASSEMBLY 


COAXIAL CONTACT 


Figure 3-26. Rectangular Shell Connector — Cannon DPD — Exploded View 
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INSERT ASSEMBLY 


FERRULE 


TWO-PIECE SLEEVE 


COUPLING NUT 


KEEPER 





Figure 3~27. Subminiature Connector — Exploded View 


3-37. CONTACTS. Contacts are supplied in twotypes: 


a. Solder cup - for all standard AN-MS connectors, 
except Class K, and for miniature MS connectors listed 
in table 3-3. 


b. Crimp-type - for MS Class K connectors, and for 
MS miniature connectors withremovable crimp-type con- 
tacts described in 3-13. 


Solder cup contacts are silveror gold plated to provide 
low contactresistance. Silver plated contacts have pre- 
tinned solder cups. Gold plated contacts are not pre- 
tinned because the gold prevents oxidation and is there- 
fore always easy to solder. Crimp type contacts are 
gold or rhodium plated, and are not pre-tinned. 


3-38. PREPARATION OF WIRES BEFORE ASSEM- 
BLY. The preparation of wires before assembly is as 
follows: (See section II) 

a. Cut wire to prescribed length. 

b. Identify wire with proper coding. 


c. Strip ends to the dimensions intables 3-6 or 3—7 
as applicable. 
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TABLE 3-6 


Stripping Lengths For Solder Connections 


Contact Stripped Length 
Size (inches) 

20 1/8 

16 1/4 

12 5/16 
8 5/8 
4 5/8 
0 3/4 


d. Tin wires which are to be soldered to contacts. 
Do not tin wires which are to be crimped to contacts, 


3-39. INSULATING SLEEVES. Insulating sleeves are 
used over soldered connections tohelp protect the con- 
nection against vibration and to lengthen the arc-over 
path between contacts. Insulating sleeves are not used 
under the following conditions: 


a. Insulating sleeves are not used when connectors 
are to be moisture-proofed by potting. 


b. Insulating sleeves are not used in miniature MS 
connectors, nor in AN type Class E or Class R con- 
nectors, as the sealing grommets cover the soldered 
connection. Class E connectors made by Bendix need 
insulating sleeves, as the grommets do not cover the 
soldered connection. The insulating sleeve should not 
extend into the grommet. 


TABLE 3-7 
Stripping Lengths For Crimp Connections 


Contact Wire Stripped Length 
Size Size (AN) (Inches) 
20 20, 22 & 24 3/16 
16 16, 18 & 20 1/4 
12 12 & 14 5/16 
8 8 9/16 
Note 


No. 22 wire can be crimped into No. 16 con- 
tact provided the No. 22 wire is stripped to 
1/2 inches and doubled back on itself. 


3-40. SELECTION OF INSULATING SLEEVES. Select 
insulating sleeving from the materials listed in table 
3~8ro suit the temperature conditions in the area where 
the connector will be installed. Select the proper size 
from table 3—9, sothat the inside diameter of the sleev- 
ing will fit snugly over the solder cup. 


3-41. INSTALLATION OF INSULATING SLEEVES. 
Cut the sleeving into lengths, as pivenin table 3-9, to 
cover the soldered connection completely from the in- 
sert co a little over the wire insulation. See figure 3— 
28. Slip insulating sleeve of correct size, material and 
length over each prepared wire, far enough back from 
the stripped end to avoid heat from soldering operation 
(about one inch). 


3-42. SOLDERING PROCEDURE. Wires are soldered 
to contacts in electrical connectors by means of a sold- 
ering iron, resistance heating, or a torch. Safe connece 
tions are the result of clean parts carefully soldered 
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together. See section IX for a description of soldering 
methods and procedures. When soldering wires to elec- 
trical connectors, observe the following precautions: 


a. Make sure that the wire and the contact are clean, 
and properly tinned. 


b. Use a soldering tron, or other heating method, of 
a heat capacity sufficient for che work to be soldered. 
Resistance soldering is recommended for sizes 8 thru 
0. A soldering iron is recommended for sizes 12 thru 
20; resistance soldering may also be used. 


c. Make sure that the ironhas a smooth well-tinned 
tip. See section IX for detailed instructions on the care 
and maintenance of the soldering iron. 


d. Keep electric resistance pliers clean and free from 
flux and solder splatter. Use a brass wire hand brush 
to clean contacting surfaces. 


e. Select a soldering iron tip of a shape to provide 
good heat transfer. A large contact area touching the 
solder cup will help to produce a good connection quick- 
ly. See figure 3-29 for suitable soldering iron tips. 


f. Use only rosin or rosineal cohol as flux for sold- 
ering wires to connector contacts. 


CAUTION 


Do not use any corrosive flux for soldering in 
an electric connector. 


ge Do not hold the hot iron against the solder cup 
longer than necessary; this will force solder up into 
the conductor and stiffen the wire. Sciff wires will break 
under vibration. 


h. Avoid having solder run on the outside of solder 
cup or dripping to insert face. Do not move the sold- 
ered connection until the solder has hardened. 


i. Solder has little mechanical strength. Do not de- 
pend on soldertokeep a wire from pulling out of a con- 
tact. Use a cable clamp, grommet seal or potting to 
give mechanical strength. 


TABLE 3-8 


Insulating Sleeving Material 


Temperature Range 


Up to 160°F 


Material 





Vinyl, transparent 


MIL Spec. 


MIL—I1—7444 or MIL—I-G31 


Nylon, transparent 


160° F-400°F 


Silicone-imprep- 


MIL—I-3190 


nated fiberglass 


Silicone-rubber 


fiberglass 


400° F-600°F 


Extruded TFE 
TF E-impreg- 


MIL—I-—18057 


nated fiberglass torts 
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TABLE 3-9 
Insulating Sleeving Sizes 
"AN Insulating Sleeving 
Wire Size Number ID Length 


"Gin inches), 


16-14 z 1-48 34 
12 s 186 34 
10 3 234 34 
8 ] 294 | 
6 0 330 l-1 4 
4 7, 16 --438 l-1 4 
2 12 500 l-1 4 
0) 5.8 625 lel 4 


TIE AT END 
OF SLEEVING 


VINYL TIED ON VINYL 
BEHIND CONTACT 





Figure 3-28. Insulating Sleeving Installed 
Over Solder Cup 


FOR MEDIUM 
CONTACTS 


FOR SMALL 
CONTACTS 


FOR «8 AND 
LARGER 
CONTACTS 


Figure 329. Soldering Iron Tip Shapes 
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3-43. ELECTRICAL RESISTANCE SOLDERING. Re- 
sistance soldering will vield excellent results for both 
very large and very small contacts. 


a. Large contacts are soldered to wires by the use of 
resistance soldering pliers. See figure 3-30. The con- 
tact, removed from insert, 18 held in the jaws of the 
pliers and currenctis applied until the solder in the sold- 
er well has melted. Then the preetinned wire 1s ine 
serced slowly into the solder cup while current 
is still being applied. After the wire is fully inserced, 
continue heating until the solder flows to form smooth 
filler. Allow joint to cool and harden without movement. 


ar SOLDER 


Figure 3~30. Resistance Soldering Pliers for 
Large Contacts 


b. Small contacts are heated for soldering by use of 
penciltype resistance soldering tool shown in figure 
3-31. The two electrodes of the tool are placed in con- 
tact withthe side of the solder cup so that the heating 
current will pass through the wall of the cup. When the 
solder inthe cup flows, insert the pre-tinned wire. (Con- 
tinue to apply heat to connection until solder flows to 
form smooth fillet, then stop current and allow joint to 
cool without movement. 


ELECTRODES CONTACT 
BACK OF SOLDER CUP 





Figure 3-31. Resistance Soldering Pencil 
for Small Contacts 








3-44. TORCH SOLDERING. A torch can be used to 
solder wire into a large contact which has been removed 
from its insert. (See figure 3-32). The contact is held 
in anon-metallic block to avoid heat loss, and the torch 
is played over the solder cup area until the solder melts. 


CAUTION 


Do not overheat. Excessive heat will destroy 
the plating and soften the contact. 


When che solder in the cup has melted, insert the wire 
slowly into the cup and add more 60/40 rosin-core sold- 
er if necessary. Continue to heat the connection until 
the solder flows into a smooth fillet, then remove the 
flame. Allow the joint to cool without movement. 


\ 


60/40 TIN-LEAD 
SOLDER 


NON-METALLIC 
BLOCK 


PREFERABLY 
NOT wOOD 





Figure 3~32, Torch Soldering Large Contact 


3-45. SOLDERING IRON PROCEDURE. Soldering with 
an electrically heated iron is the most common proce- 
dure. For convenience either the iron or the connector 
is fastened tothe benchas described in 3-46, Soldering 
is accomplished as follows: 


a. Large contacts which have becn removed from in- 
serts are held in a non-metallic block and soldered by 
first heating the solder cup with the specially shaped 
tip as shown in figure 3-33. Then while heat is still 
applied, the pre-tinned wire is slowly inserted into the 
solder cup until it bottoms. Extra 60,’40 rosin-ecore 
solder is added to the solder cup if necessary. Hold 
the hot iron to the solder cup until the solder has flow- 
ed into a smooth fillet, chen allow to cool. 


b. Contacts which have not been removed from ine 
serts are solderedas shown in figures 3—3.) and 3-35. 
The solder is flowed by placing the iron alongside the 
solder cup as the wire is being inserted into it. Medium 
size contacts suchas #8 and #12 will solder more easi- 
ly if the iron is held act the point where the wire touches 
the cutaway of the solder cup as shown in figure 3~—35. 
Adding a small quantity of 60/40 rosin-core solder at 
this point will aid in carrying the heat into the joint. 
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CAUTION 


Do not allow solder to collect outside of the 
solder cup. This will reduce the arc-over dis- 
tance between contacts andcan result in con- 
nector failure. 


60/40 TIN-LEAD SOLDER 


(Gre 
y NON-METALLIC BLOCK 


PREFERABLY 
FORMED NOT WOOD 
TIP 








Figure 3-33. Soldering Large Size Contacts 


IRON TOUCHES SILE 
OF SOLDER CUP 


NOTE: WIRES ARE PRE-TINNED 


Figure 3-34. Soldering Small Size Contacts 
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SOLDER 60/40 
TIN-LE AD 


IRON TOUCHES JUNCTION 
BETWEEN SOLDER AND WIRE 
THEN IS MOVED TO CONTACT 

SIDE OF CUP 


Figure 3~35. Soldering Medium Size Contacts 


3~46. HOLDING CONNECTORS FOR SOLDERING. 
To facilitate soldering wires to contacts which have 
not been removed from connectors, itis helpful cto either 
work to a fixed soldering iron or to fasten the connec- 
tor into a holding fixcure. If the iron is fastened to the 
bench, secure it into a safety screen such as shown in 
figure 3—36. The screen is made from expanded or per- 
forated stcel, painted to retard corrosion. To solder 
connectors with a fixed iron, it is necessary to hand 
hold the connector. If the connector is to be fastened 
to the bench, a steel bracket bent to a 60° - 75° angle 
as shown in figure 3—37 is very useful. To hold a plug 
use an empty shell from a mating receptacle. To hold 
a receptacle use two screws to mount the receptacle 
with the threaded portion inserted through the hole in 
the bracket. This will place the solder cups in position 
for easy soldering. 





Figure 3~36. Soldering Iron in Safety Screen 
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3-47. SOLDERING SEQUENCE. Follow a rigid se- 
quence in soldering wires to a connector. This helps 
avoid errors in wiring and also prevents burning or 
scorching the insulation of wires already soldered. 
Two useful sequences are shown in figure 3—38. 


a. The soldering of the connector in figure 3—38a is 
started at the right or left lower edge, depending on 
whether the mechanic is lefe or right handed, and fol- 
lows the bottom row across. The row above is nexe 
and is done in the same direction as the bottom row. 
This will permit the insert to cool between soldering 
operations. The operation is repeated for each row in 
sequence until all contacts are soldered. 


Note 


Ifwires are being solderedto a connector with 
a large number of contacts, plan the work to 
allow a cooling-off period after each series of 
twenty contacts in order to prevent heat build- 
up. 

b. The sequence for the connector shown in figure 
3—38b also starts withthe bottom row from the right or 
left. The next step is to solder to the center contacts 
working out to each edge. The final operation is to 
solder wires to the top row of contacts. 


The above two sequences are suggested procedures 
that work well in many aircraft plants. They are not man- 
datory but it is important for the mechanic to develop 
a fixed sequence and then not to deviate from that se- 
quence. 


3~—48. CLEANING SOLDERED CONNECTIONS. After 
all connections have been made, examine the connec- 
tor for excess solder, cold joints and flux residues. 
Take following corrective measures if any of the above 
are found: 


a. Remove excess solder by using a soldering iron 
which was carefully wiped clean with a heavy clean 
cloth. 


b. Disassemble cold joints. Shake out all old solder 
andremake the connections using new 60/40 rosin-core 
solder. 


c. Remove flux residues with denatured ethyl alcohol 
or approved proprietary solutions applied with a bristle 
brush. Blow the connector dry with compressed air. 


3-49. INSULATING SLEEVE POSITIONING. All con- 
nectors except Class R, E, F, P and chose specified 
in 3—39, have insulating sleeves installed over the in- 
dividual wires prior to assembly to solder cups. After 
the connections are cleaned, push the insulating sleeves 
down over the contact until they bottom against the in- 
sertas shown in figure 3—39. Tie the insulating sleeves 
in position with nylon braid to prevent sliding back on 
the wires. Tie nylon sleeves individually because of 
nylon’s stiffness. Tie all other sleeves in groups or as 


a complete bundle. Make sure that tie will not inter- 
fere with whe MS3057 cable clamp. 
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CLEARANCE HOLE FOR 
RECEPTACLE SHELL 











ADAPTER RECEPTACLE 
SHELL MS3100 


PLUG TO BE SOLDERED 





»- FIXTURE WITH ADAPTER TO HOLD PLUGS 


RECEPTACLE 
BEING SOLDERED 


b. FIXTURE HOLDING RECEPTACLE 





Figure 3~37. Holding Fixtures for Connectors Figure 3-38. Connector Soldering Sequence 
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INSULATING SLEEVE MUST 
BOTTOM AGAINST INSERT 
) 


ZF, 


Ning 





Figure 3-39. Insulating Sleeve Bottomed 
Against Insert 


3-50. PRESHAPING WIRES. Preshape large diameter 
wires (No. 14 and larger) before soldering to contacts. 
This will avoid strain on soldered connection when 
MS3057 cable clamp is installed. See figure 3—40. 


TIE SHOULD BE INSIDE 
FINAL ASSEMBLY 


PRESHAPE TO PREVENT 
STRAIN ON CONTACTS 


Figure 3-40. Tying Sleeves and Pre-shaping Wires 
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CAUTION 


Preshaping is anecessity for connectors using 
resilient inserts. Side strain on the contacts 
will cause contact splaying and prevent proper 
mating of pin and socket contacts. 


3-51. INSTALLATION OF MS3057 SERIES CONNEC- 
TOR CABLE CLAMPS. 


3-52. MS3057 CABLE CLAMP TYPES. As described 
in 3-17, there are three types of MS3057 connector cable 
clamps. (See figure 3—41). 


a. MS3057 has a single saddle held by two screws. 
It contains a metal or plastic washer and a flat rubber 
bushing. For shipping to prevent loss of metal or plas- 
tic washer, it is placed inside the clamp and held in 
place by the rubber bushing. Before using, reverse po- 
sition, to that shown in figure 3—4la, so that metal or 
plastic washer will contact back shell of connector. 


b. MS3057A has two saddles separated by acentering 
bar. This cable clamp is supplied with AN3420 bushing 
to protect wire bundle under clamp. Add extra bushings 
if necessary. 


c. MS3057B has a gland and tapered sleeve. The 
gland is squeezed around the wire bundle when the ca- 
ble clamp is screwed to the connector back shell. 


CAUTION 


Before installing MS3057 cable clamps onto 
connectors, screw mating part onto connector 
with coupling nut. This will help to prevent 
contacts splaying when cable clamp is tight- 
ened, | 


3-53. INSTALLATION OF MS3057 CABLE CLAMP. 
The MS3057 cable clamp is installed as follows: (See 
a. Slide AN3420A telescoping bushings on wire bun- 


dle if bundle diameter is too small cto be effectively 
gripped by the saddle. 


b. Slide MS3057 cable clamp without saddle on wire 
bundle followed by rubber bushing and metal or plastic 


‘ washer. 


c. Assemble wires to connector and tighten back 
shell. (See other paragraphs for details for each con- 
nector class.) 


d. Push MS3057 cable clamp towards back shell and 
hand tighten. Use strap wrench to tighten fully. 


e. Push AN3420A bushings, if required, into cable 
clamp until past saddle. 


f. Attach saddle with both screws and tighten until 
1/16 inch space is left between saddle and body as 
shown in figure 3—42. AN3420A bushing, if used, should 
bulge slightly when saddle is tight. 


Note 


A wrap of vinyl, nylon or fiber-glass tape can 
be used instead of AN3420A bushings. If tape 
wrap is used, secure with nylon braid behind 
saddle, 
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Telescoping Bushings 


*GROUP I *GROUP II *GROUP III Inside Diameter 
Connector Bushing Bushing Bushing in inches 
Size No. No. No. FREE CLOSED 
10 AN3420-3A AN3420-3A AN3420-3A 125 .000 
12 -4A -4A -4A .219 -010 
14 -6A -6A -6A 312 ~114 
16 -8A “BA «ereeee- -438 ~222 
18 a -10A -438 - 200 
20 °12A “12A = se eee eee -541 ~270 
24 -16A “16A ---eee¢8 ~750 433 
300 == seeeee88 -18A 2-20 --- 938 .504 
32 “200A = 22222222 ce ereceee 938 .620 
36 i See eS ke “-24A jj = creceres 1.125 .682 
40 -28A j= 2222222 ce eerceces 1.250 .816 


oer METAL OR 
cE. PLASTIC WASHER 


‘ 


CONNECTOR 
BACK SHELL 


RUBBER BUSHING 


CABLE CLAMP 
SADDLE 


MS3057 b. MS3057A 


TAPERED SLEEVE 


CABLE CLAMP 


c. MS3057B 





Figure 3-41. MS3057 Connector Cable Clamp Types — Exploded View 
6] 
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WIRES 
NOT CLAMPED 


AN3420A TELESCOPING 
BUSHINGS OR VINYL 
TAPE AS REQUIRED 


CONNECTOR 
BACK SHELL 


1/16" GAP 
WHEN TIGHT 





Figure 3-42. Installation of MS3057 Clamp 


3-54. INSTALLATION OF MS3057A CABLE CLAMP. 
The MS3057A cable clamp is installed as follows: (See 


figure 3-43) 


a. Slide MS3057A_ cable clamp without saddles on 
wire bundle before wires are connected. 


b. Slide AN3420 telescoping bushing on wire bundle 
before wires are connected. 


c. Assemble wires to connector and tighten back 
shell (see later paragraphs for details for each connec- 
tor class). 


d. PushMS3057Acable clamp together with inserted 
AN3420 bushing towards back shell and hand tighten. 
Use strap wrench to tighten fully. 


e. Attach both saddles with supplied screws and 
lockwashers. 


CAUTION 


When replacing saddles, observe that screw 
heads are placed so that pushing on screws 
will tighten cable clamp to back shell. 


f. Tighten saddles until 1/16 inch remains between 
each saddle and the centering bar as shown. Use ex- 
tra AN3420 telescoping bushings in original assembly 
if saddles are not tight with this 1/16 inch opening. 
See table 3—10 for telescoping dimensions. 
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CONNECTOR BACK SHELL (REF.) 


MS3057A 
CABLE CLAMP 


1/16°° GAP 
WHEN TIGHT 


AN3420 TELESCOPING BUSHINGS 


Figure 3—43. Installation of MS3057A Clamp 


3-55. INSTALLATION OF MS3057B CABLE CLAMP. 
The MS3057B cable clamp is installed as follows: (See 
figure 3-44) 


a. Slide AN3420A telescoping bushings, if required, 
on wire bundle before wires are connected. See table 
3-10 for telescoping dimensions. 


b. Slide MS3057B cable clamp assembly on wire bun- 
dle before wires are connected. 


CAUTION 


Proper lubrication of gland and tapered sleeve 
is important for this assembly. In handling 
parts, keep them clean and free of dirt. Wash 
away dirt with clean denatured ethyl alcohol 
and relubricate with petrolatum (Federal Spe- 
cification VV-P-236) as shown in figure 3—45. 
Do not apply petrolatum to inside of gland or 
to serrated face of gland. 


c. Assemble wires to connector and tighten back 
shell (see other paragraphs for details for each connec 
tor class). 


d Push AN3420A bushings, if used, through gland of 
MS3057B so that end of bushing is flush with serrated 
face of gland. 


e. Slide entire assembly toward back shell and hand 
tighten. Use strap wrench or padded jaw connector 
pliersto fully tighten until MS3057B bottoms onto back 
shell. While tightening, hold wire bundle and relescop- 
ing sleeves until gland seats on back shell. 





Note 





Shield braid (and jacket if present) must end 
outside of MS3057B cable clamp to retain mois- 
ture resistant qualtities of clamp. Ground braid 
to either grounding screw on cable clamp. 
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CABLE CLAMP 


TAPERED SLEEVE 


AN3420A TELESCOPING 


BUSHINGS AS REQUIRED CONNECTOR BACK 


SHELL (REF.) 


LUBRICATE WITH PETROLATUM 


DO NOT LUBRICATE 
THIS SERRATED FACE 





Figure 3-44, Installation of MS3057B Cable Clamp 


DO NOT LUBRICATE 3~56. DISASSEMBLY AND REASSEMBLY OF CON- 
THESE FACES NECTORS. 


3-57, AMPHENOL AND CANNON MS CLASS A CON: 
NECTORS. Amphenol and Cannon connectors are ins- 
talled as follows: (See figure 3—46) 
TAPERED SLEEVE 

a. Remove back shell by unscrewing from body 
assembly. If the back shell is too tight to be loosened 
by hand, attach connector to mating connector shell 
held in fixture as illustrated in figure 3~37; and use 
strap wrench to loosen back shell. Do not remove 
coupling nut from body. 


CAUTION 


Never use pliers to disassemble or reassemble 
LUBRICATE WITH connectors. Use strap wrench. 

PETROLATUM 

b. If all contacts are size 12 or smaller, no further 
GROUNDING SCREWS disassembly is required. For removal of larger con- 
tacts see 3—24. 





c. Install the following items on wire bundle in list- 


Figure 3—45. Lubrication of MS3057B Clamp ed order. 
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BODY ASSEMBLY 






a CONTACTS 


MS i“ 
Ss 
je cyte 
( 


~ 















INSULATING SLEEVES 













Neat . »\ SADDLE 
? RUBBER 
BUSHING 







INSERT 


BACK SHELL J 


METAL OR 
PLASTIC WASHER 





CABLE CLAMP 


Figure 3-46. Installation of Amphenol Class A Connector 


Cable Clamp without saddle 

Rubber bushing 

Metal or plastic washer 

Back shell 

Insert retaining ring, if removed in step b. 


WA Ey WD RQ 
» se he e ° 


d. Slide insulating sleeves over each wire in bundle. 
Sleeves should be placedone inch back from wire ends 
to avoid burning during soldering operation. See 3—40 
for data about insulating sleeves. 


Note 
Steps e through h apply only if large contacts 
were removed in step b. 
e. Solder wiresto large contacts removed in step b. 


See 3—42 through 3—47 for soldering instructions. 


f. Reinstall large contacts by threading throughrear 
insert and inserting contacts into front insert. 


g- Reassemble inserts and contacts into body assem- 
bly. Becareful toalign keyway with key. Do not force 
the assembly because a damaged keyway will ruin a 
connector. 


h. Replace retaining ring sothatend of ring is about 
1/4 inch from removal slot as shown in figure 3-47. 
This will simplify future disassembly. 


i. Solder wires to remaining contacts using methods 
described in 3—42 through 3-47. 
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je Clean soldered connections and slide insulating 
sleeves over contacts until they bottom against insert. 


k. Tie sleeves to wires using nylon braid as shown 
in figure 3—37. 


I. Slide back shell down over wire bundle and hand 
tighten to body assembly. Use strap wrench to tighten 
back shell 1/8 turn beyond hand tight. 


m. Install.cable clamp as described in 3~—53. or 3-54. 


RETAINING RING 





Figure 3~47. Location of End of Retaining Ring 


3-58. AMPHENOL MS CLASS B CONNECTORS. Am- 
pheno] Class B connectors are installed as follows: 


(See figure 3—48) 
a. Remove back shell by loosening captive assembly 
screws. Do not remove coupling nut from body. 


b. If all contacts are size 12 or smaller, no further 
disassembly is required. For larper contacts see 3—24. 


c. Install the following items on wire bundle in list- 
ed order: 


1. Cable clamp withour saddle 

2. Rubber bushing 

3. Metal or plastic washer 

4. Back shell 

5. Insert retaining ring, if removed in step b. 


d. Slide insulatingQleeves over each wire in bundle. 
Sleeves should be placed one inch back from wire ends 
to avoid burning during soldering operation. See 3—40 
for data bout insulating sleeves. 


Note 


Steps e through h apply only if large contacts 
were removed in step b. 


BODY ASSEMBLY 


COUPLING RING 


CONTACTS 


INSULATING SLEEVES 


SPLIT BACK SHELL HALF 
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e. Solder wires tolarge contacts removed in step b. 
See 3-42 through 3-47 for soldering instructions. 


f. Reinstall large contacts by threading through rear 
insert and inserting contacts into front insert. 


g- Reassemble inserts and contacts into body assem- 
bly. Be careful to align keyway with kev. Do not force 
the assembly because a damaged keyway will ruin a 
connector. 


h. Replace retaining ring so thatend of ring is about 
1/4 inch from removal slot as shown in figure 3—47. 
This will simplify future disassembly. 


i. Solder wires to remaining contacts using methods 
described in 3—42 through 3-47. 


j- Clean connections and slide insulating sleeves 
over contacts until they bottom against insert. 


k. Tie sleeves to wires using nylon braid as shown 
in figure 3—40. 


I. Reassemble split shell. Be careful not to pinch 
wires. 


Note 
Angle back shell can be assemble at 45° an- 


gles. See engineering drawing for proper sct- 
ting for each installation. 


SPLIT BACK 
SHELL HALF 


METAL OR 
PLASTIC WASHER 


BUSHING 


Figure 3-48. Installation of Amphenol Class B Connector 
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m. Install cable clamp as described in 3-53. 


n. Safety wire the split back shell holding screws, 
if required by engineering, by passing the wire through 
screw heads (See figure 3—49), crossing it and complet- 
ing with a twist. 


3-59. AMPHENOL MS CLASS C CONNECTORS. Am- 
phenol Class C connectors are installed as follows: 
(Seefigure 3—50) 


a. Remove back shell by unscrewing from body. If 
the back shell is too tight to be loosened by hand, attach 
connector to mating connector shell held in fixture as 
illustrated in figure 3—37; and use strap wrench to loosen 
back shell. Do notremove coupling nut from plug body. 


CAUTION 
j FOLD END OF LOCK 
Never use unpadded pliers to disassemble or | WIRE BACK TO 
reassemble connectors. PROTECT PERSONNEL 


b. Large contacts (8, 4 and 0) are threaded into in- 
sert. Unscrew the contact for soldering. Do not twist 
or attempt to remove small contacts. 


| 
f} 
| mm, 
{ f 
CAUTION iS 





Do not remove Class C inserts. These con- 
nectors are pressurized and insert removal 
will break the pressure seals. Figure 3~49. Safety Wiring Class B Connector 


BODY AND INSERT 
ASSEMBLY 


NOTE: DO NOT 
REMOVE INSERT 


SOLID BACK SHELL 


SADDLE 


METAL OR 
PLASTIC WASHER 


RUBBER 
BUSHING 


CABLE CLAMP 





Figure 3-50. Installation of Amphenol Class C Connector 
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c. Install the following items on wire bundle in list- 
ed order. 


Cable clamp without saddle 
Rubber bushing 

Metal or plastic washer 
Back shell 


So we 


d. Slide insulating sleeves over each wire in bundle. 
Sleeves should be placed one inch back from wire ends 
to avoid burning during soldering operation. See 3—40 
for data about insulating sleeves. 

e. Reinstall large contacts. Tighten contact unul it 
is seated firmly against lead pressure washer. Use 
curved long nose pliers if necessary. 

f. Solder wires to remaining contacts using methods 
described in 3—42 through 3—47. 

ge Clean connections and slide insulating sleeves 
over contacts until they butt against the insert. 

h. Tie sleevesto wires using nylon braid as shown 
in figure 4—40. 

i. Slide back shell down over wire bundle and hand 
tighten to body assembly. Use strap wrench to tighten 
back shell 1/8 turn beyond hand tight. 

je Install cable clamp as described in 3—53. 


3-60. AMPHENOL CLASS E AND CLASS R CONNEC- 
TORS. Amphenol Class E and R connectors are ins- 
talled as follows: 


a. Disengage the grommet compression nut assembly 
from the shell 

b. Thread pre-tinned wires through the proper holes 
in the grommet. 

c. Solder wires to contacts using the procedures des- 
cribed in 3—43 through 3—47. 


CONDUIT COUPLING NUT 


SPANNER NUT 
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d, Work the grommet compression nut assembly back 
up the wire bundle and engage nut with shell assembly, 
making sure that the grommetis drawn up flush with the 
insert. 

¢. Fill all unused prommet holes with grommet seal- 


ing pluys. 


3-61. AMPHENOL FIREPROOF CONNECTORS. Am- 
phenol fireproof connectors have crimp type contacts 
to withstand high temperature operating requirements. 
Installation is as follows: 


a. Use spannei wrench to remove spanner nut. See 
figure 3-51. 

b. Tap body assembly lightly in palm of hand to re- 
move and separate contact and insert assembly. 

c. Install the following items on wire bundle in list- 
ed order: 


1. Conduit with coupling nut or other required fit- 
tings. 


Note 


Fitting threads are not identical with standard 
MS connectorsof same size. Use fitting sizes 
listed in table 3-11. 


TABLE 3-11 
Amphenol Fireproof Connector Fittings 


Connector Fitting 
Size size Thread 
18 12 1-3/16 - 18 
22 16 1-7/16 - 18 
32 24 2 - 18 
36 28 2-1/4 - 16 


CERAMIC REAR INSERT 


SILICONE RUBBER 


ROTATE CONTACT 90° 
WHEN INSTALLING 
IN FRONT INSERT 


GASKET 


FRONT INSERT 


BODY AND 
BACK SHELL 





Figure 3—51. Installation of Amphenol Fireproof Connector 
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2. Spanner nut 
3. Ceramic rear insert 
4. Silicone rubber gasket 


d. Crimp aires into contacts usiny any of the methods 
described in section V. 


e. Reassemble by (1) sliding contacts into ceramic 
front insert; (2) pushing silicone rubber gasket down 
over contacts; and (3) sliding ceramic rear insert over 
contacts. 


f. Examine contact and insert assembly to see that 
parts butt and then slide assembly into body. Tighten 
spanner nut into place until flush with rear of body shell. 


g- Tighten conduit coupling nut or other required fit- 
ting over body assembly. Use strap wrench to tighten 
1,8 turn beyond hand tight. 


3-62. POTTING CONNECTORS. Potting connectors 
are supplied with a plastic potting mold. Insgallation 
is as follows: 


a. Slide the plastic mold over the wire bundle. 
b. Solder wires to contacts. See 3—43 through 3—.17 
for soldcring instructions. 


CAUTION 


Do not install insulating sleeves over indivi- 
dual wires. Potting compound will] not cure 
properly in contact with vinyl sleeving. 


c. Install spare wires on all unused pins. Use larg- 
est page wire that would normally be attached to each 
contact. Spare wires are approximately 9 inches long. 
(See figure 3-52), 


d. Clean the complete connector assembly by scrap- 
ing off rosin and then brush vigorously in new unused 
Stoddard’s Solvent followed by second rinse in clean 
Stoddard’s Solvent. See figure 3-53. 


e. Rinse area to be potted with methylene chloride 
applied from hand operated laboratory wash bottle or 
similar device. 


CAUTION 


Do not breathe methylene chloride fumes. Use 
only in well ventilated area. 


Note 


Complete potting within two hours after clean- 
ing. 


Slide plastic mold into position. 


= 
° 


CAUTION 


Mate connectors before potting either part to 
avoid splaying contacts during the potting 
operation. 


IDENTIFY SPARE WIRES 
WITH CODE LETTER TO 
CORRESPOND TO CONTACT 


FILL ALL SPARE CONTACTS 
WITH MAXIUM SIZE WIRES 


\ 


\ 
\ 
\ | 


MS25274 END CAPS 





Figure 3—52. Spare Wires ror Potting Connector 
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METHYLENE CHLORIDE 
IN WASH BOTTLE 


BRISTLE 
BRUSH 


SAFETY CAN 
WITH 
STODDARD’S 
SOL VENT 





Figure 3-53. Cleaning Connector Prior to Potting 


g. Insert potting compound prepared in accordance 
with directions given in section X. Fill back of con- 
nector by inserting nozzle down between wires until 
it almost touches back of insert (See figure 3-64). Fill 
slowly while moving nozzle back frominsert and watch 
compound to be sure no air bubbles are trapped. Fill 
to top of mold. Tamp down the compound, if necessary, 
with a wooden or metal 1/8 inch dowel. Tap connec 
tor assembly ona resilient surface or vibrate mechant- 
cally to help flow the compound into all spaces and to 
release trapped ait. 


h. Insulate the ends of all spare wires. See figure 
3-52. The preferred method of insulating a spare wire 
is to crimp it into an MS25274 wire end cap with tool 
MS25037-1A. See 3—G3 for installing procedure. Non- 
standard end caps are also available for either stripped 
or unstripped wire. 


i. Immediately after filling cach connector, tie the 
wires together loosely about 6 inches back from con- 
nector. Make sure that wires are centrally located in 
the connector so that each wire is completely surround: 
ed by potting compound. Suspend the assembly by plac- 
ing the tie over anail as shown in figure 3-54 and allow 
to aircure forat least 1-1/2 hours at 75°F without any 
movement. 


WARNING 


The accelerator contains a toxic lead com- 
pound. Avoid excessive skin contact. Clean 
hands thoroughly after using. Use gloves. 


j. Carefully place assembly still suspended from nail 
into drying oven for 3 to 4 hours at 100 F, or air cure 
at 75 F for 24 hours. 
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POTTING COMPOUND 
DISPENSER FILLING 
CONNECTOR 


ie 
SGA, POTTING MOLD 
| 


temees 
ae 
Sy 


ao. FILLING WITH COMPOUND 








BRACKET 
FOR CURING 






al 


APPROX. 6° 





b. CURING 
Figure 3-54. Filling and Curing Potting Connector 
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WARNING 


The accelerator contains a toxic lead com- 
pound. Avoid excessive skincontact. Clean 
hands thoroughly after using. Use gloves. 


Note 


Full cure with maximum electrical characteris- 
tics is not achieved until 24 hours after potting. 
Do not perform any electrical insulation resis- 
tance tests until this period has passed. 


k. Apply a light film of lubrication oil to all exterior 
metal surfaces after potting compound is completely 
cured. 


], If che plug does not have an O-ring or gasket seal 
on the barrel as shown in figure 3—55 then install an 
MS29513 O-ring selected from table 3-12. Roll O-ring 
tightly against shoulder of plug inside coupling ring. 
Plug barrel and O-ring must be clean and dry before 
assembly. 


CAUTION 


Do not use two rings. The added thickness of 
a second ring will prevent proper mating of 
contacts. 


3-63. PROCEDURE FOR CRIMPING WIRE END CAPS 
ONTO SPARE WIRES. The procedure for crimping wire 
end caps with standard tool MS25037-1A is as foliows: 


a. Select an end cap of the correct size for the wire 
to be insulated from table 3—13, and crimp it to the 
wire with the MS25037 tool. 


TABLE 3-13 


Wire End Caps and Crimping Tools 


MS Number Color Wire Size 
MS25274-1 Yellow 26 - 24 
MS25 274-2 Red 22 - 18 
MS25274-3 Blue 16 - 14 
MS25274-4 Yellow 12 - 10 


b. Make sure the locator is properly positioned behind 
the lower nest. Position the wire end cap in the correct 
die nest (color of cap insulation matches color coding 
on tool handle) with the closed end of the cap resting 
against the locator. 


c. Insert the stripped wire so that the end of the strip- 
ped wire is seated against the closed end of the cap, 
and the insulation against the metal sleeve of the cap. 


d. Close tool handles to crimp end cap to wire, until 
ratchet releases andthe tool opens. Remove the crimp- 
ed assembly. 


3-64. BENDIX - SCINTILLA MS CLASS A CONNEC- 
TORS. Bendix Class A connectors are installed as 
follows: (See figure 3—56) 


a. Remove back shell by unscrewing from body. If 
the back shell is too tight to be loosened by hand, attach 
the connector to mating connector shell attached to fix- 
ture as illustrated in figure 3—37; and use a strap wrench 
or padded jaw pliers to loosen back shell. Do not re- 
move coupling nut from plug body. 


TABLE 3-12 
O-Ring Sizes for AN Type Connectors 


Plug Size O-Ring Thickness 
8S .070 inches 
10S & 1OSL .070 inches 
12 & 12S .070 

14 & 14S .070 

16 & 16S .070 

18 .070 

20 .070 

22 .070 

24 .070 

28 .070 

32 .070 

36 .103 

40 - 103 

44 .103 

48 .103 
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MS295 13 
O-Ring ID Dash Nos. 
312 inches -10 
364 “12 
489 -14 
-489 -14 
614 -16 
.739 -18 
.864 -20 
989 -22 
1.114 -24 
1.364 -28 
1.364 -28 
1.737 -132 
1.987 -136 
202357 -140 
2.487 -144 


CAUTION 


Never use pliers with unpadded jaws to disas- 
semble or reassemble connectors. 


b. If all contacts are size 12 or smaller, no further 
disassembly is required. Larger contacts such as size 
8, 4 or 0 may be removed by applying pressure on solder 
wellend by means of steel or bakelite rod slightly small 
er in diameter than the solder well. See figure 3—22 for 
arbor press fixture suitable for this operation. Table 
3-14 lists diameter of rods for removing contacts. 


POTTING COMPOUND 


COUPLING NUT 


Figure 3—55. Installation of O-Ring on 
Potted Connector 
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CAUTION 


Hold the connector so that pressure is applied 
ina straight line with contacts. Pushing at an 
angle may damage the contacts. Bent contacts 
must be replaced. Do not attempt to straighten 
damaged contacts. 


c. Install MS3057B cable clamp as described in 3—55. 


d. Slide insulating sleeves over each wire in bundle. 
Sleeves shouldbe placedone inch back from wire ends 
to avoid burning during soldering operation. See table 
3-9 for sleeving sizes. 


e. Solder wires to larger contacts removed instep b. 
See 3—43 through 3—47 for soldering instructions. 


f. Reinstall large contacts by pushing them through 
rear of insert until seated. Use ethyl alcohol as a lu- 
bricant, if necessary. Install each contact, when cool, 
before proceeding to solder next contact. This will help 
avoid errors. Use a bakelite screwdriver to aid in seat- 
ing contacts. (See figure 3-57). 


TABLE 3-14 


Contact Removal Tool Diameter 


Contact Rod Diameter 
Size (inches) 
0 -450 
312 
8 .187 


COUPLING NUT 
(DO NOT REMOVE 
FROM BODY ASSEMBLY) 


e SS 
SI (4 
\ 


Ss 
RSS ary 
NS 8 WN 
os P NS % 
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BODY ASSEMBLY 


2 


INSULATING SLEEVES 


DO NOT LUBRICATE 


THIS FACE 


BACK SHELL 


GL AND 


TAPERED SLEEVE 


CABLE CLAMP 


ne 
wx 


x > 


LUBRICATE THESE FACES 





Figure 3-56. Installation of Bendix Class A and C Connector 
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DO NOT FOLD 
RUBBER LIP 
INTO HOLE 


Figure 3~57. Reinstalling Contact in 
Bendix Resilient Insert 


CAUTION 


Use care not to fold thin lip of rubber into hole 
with contact. 


g- Solder wire to remaining smaller contacts using 
one of the methods described in 3—42 through 3—47. 

h. Slide insulating sleeves over cooled connections 
until they bottom against insert. 

i. Slide back shell down over wire bundle and hand 
tighten to body. Use strap wrenchor padded jaw pliers 
to tighten back shell until it bottoms. 

j. Slide telescoping sleeves, if required, through 
giand until flush with inside edge. Hold telescoping 
sleeves in back of cable clamping nut while engaging 
threads. Do not release telescoping sleeves until 
gland seats on back shell. See 3-55 for details. 

k. Tighten cable clamp with strap wrench or padded 
jaw pliers until ic bottoms. Mate connector with mating 
shell in fixture while tightening cable clamp. 


CAUTION 


Keep all parts free of dirt and foreign material. 
Clean dirty parts with ethy! alcohol and relubri- 
cate all threads with Military Specification MIL- 
G-3278 grease. Relubricate the indicated parts 
of gland and tapered sleeve as shown in figure 
3—45 with petrolatum. 


3-65. BENDIX-SCINTILLA MS CLASS C CONNEC: 
TORS. Bendix Class C connectors are pressurized and 
care must be givento avoid breaking the pressure seal. 
Installation procedure for Bendix Class C connectors 
is the same as for Bendix Class A connectors. (See 


figure 3-56). 
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CAUTION 


Never remove insert or contacts from Class C 
connector as this would break the pressure seal 
incorporated in the unit at the time of factory 
assembly. 


3-66. BENDIX-SCINTILLA MS CLASS E CONNEC- 
TORS. Bendix Class E connectors are installed as 
follows: 


a. Remove cable clamp by unscrewing from back 
shell. Slide cable clamp over wire bundle, 

b. Check tapered sleeve and grommet for thin film 
petrolatum lubricant on indicated surfaces. (See figure 
3-58). 

c. Slide tapered sleeve over wire bundle. 

d. Insert pretinned wires through proper holesin 
grommet. 


Note 
Grommet is coded to match insert coding. 


Use alcohol as a lubricant if necessary. After wires 
are threaded through grommet, use air blast to dry al- 
cohol. 


e. Unscrew back shell from body assembly and slide 
over wire bundle. If coupling nut is removed, push nut 
back on wire bundle with threaded end forward. 

f. Install insulating sleeves on wires 

g. Solder wires tocontacts as described for Bendix- 
Scintilla Class A connectors in 3—64. 


CAUTION 


Do not remove contacts from receptacles for 
soldering. 


h. Slide insulating sleeves over cooled connections 
until they bottom against insert. 

i. Slide back shell down over wire bundle and hand 
tighten to body shell. 

j. Examine insulating sleeves. They should not pro 
ject over shoulder in back shell. 

k. Use strap wrench or padded jaw pliers to tighten 
back shell until it bottoms. 

1, Carefully push grommet down over wire until it is 
seated in shoulder of back shell. 


CAUTION 


Do not allow wires to fold inside back shell. 


m. Fill all unused holes with MS25251 grommet seal- 
ing plugs. Sizes are listed in table 3-15. 

n. Slide tapered sleeve and cable clamp over grommet 
and hand tighten. 

o. Tighten cable clamp with strap wrench or padded 
jaw pliers until it bottoms. 
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COUPLING NUT 
(DO NOT REMOVE 
FROM BODY ASSEMBLY) 


BODY ASSEMBLY 


INSULATING SLEEVES 


DO NOT LUBRICATE 
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BACK SHELL 
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TAPERED SLEEVE 
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LUBRICATE THESE FACES 





Figure 3-58. Installation of Bendix Class E Connector 


CAUTION 


When tightening cable clamp insure that tapered 
sleeve and grommet do not.rotate with cable 
clamp. This will cause tension and possible 
breakage of wire at connection. 


3-—67. BENDIX-SCINTILLA MS CLASS R CONNEC- 
TORS. Bendix Class R connectors are installed as 
follows: (See figure 3—59). 


a. Remove compression sleeve from back nut by un- 
screwing the two compression screws, and slide sleeve 
over wire bundle. 

b. Insert pretinned wires through the proper holes in 
grommet and slide along the wire bundle. 


Note 
Use identifying letters on the rear face of the 
grommet as a guide in threading wires. Align 


letters with corresponding letters on rear face 
of the insert. 


TABLE 3-15 


Sizes of Grommet Sealing Plugs 


Wire Size MS Part No. 
22-16 MS25 25 1-16 
14-12 MS2525 1-12 
10- 8 MS2525 l- 8 


c. Unscrewthe back nut from the body assembly and 
slide itover the wire bundle. If coupling nut is re- 
moved, make sure it is pushed back on the wire bundle 
with the threaded end forward. 

d. Solder wires tocontacts using the procedures for 
Bendix Class A connectors as described in 3—G64. 

e. Mate connector with its mating piece and slide 
back nut down over wire bundle and hand tighten to 
shell. Use a strap wrench or padded jaw connector 
pliers to tighten back nut until it bottoms. 

f. Push grommet carefully down over wires until itis 
seated in shoulder of back nut. 

g. Fill all unused grommet holes withMS25251 grom- 
met sealing plugs; sizes are listed in table 3-15. 

h. Slide the grommet compres sion sleeve down over 
the wire bundle and tightenthe two compression screws 
until they bottom. 


3-68. BENDIX-SCINTILLA FIREPROOF CONNEC- 
TORS. Bendix fireproof connectors have crimp-on type 
contacts to withstand high temperature operating re- 
quirements. Installation is as follows: (See figures 


3-60 and 3-61). 


a. Remove back shell by unscrewing from body. 

b. Remove threaded insert retaining ring with fin- 
gers. If necessary, use spanner wrench (Bendix 
11-4045). 

c. Remove insert assembly by pushing on front insert 
toward the rear of the connector. 

d. Remove front insert fromcontacts. Revolve con- 
tacts90° and remove from rear insert and sealing insert. 


Note 


l'se care to prevent tearing or cutting sealing 


basclt. 
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PLUG SHEL! 











COUPLING NUT 


INSULATING SLEEVES 


BACK NUT 


GROMMET 


COMPRESSION 
SCREWS 


COMPRESSION SLEEVE 


Figure 3-59. Installation of Bendix Class R Connector 


COUPLING NUT ON BODY 
AND INSERT ASSEMBLY 


SPANNER NUT 


BACK SHELL 


Figure 3-60. Bendix Fireproof Connector 
Partial Disassembly 


e. Strip wires. 

f. Attach wires to contacts by silver soldering tu: 
crimping with appropriate tool. 

g- Install che following on the wire bundle in the order 
given: 


1. Elbow and adapcer or other fittings as required. 
2. Threaded insert retaining ring. 
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h. To install contacts with wires attached, rotate 
contacts 90 and insert contacts throughproper holes 
of rear insert. 


Note 


Smallest outside diameter of rear insert must 
face wires. 


i. Push sealing insert over contacts until it butts 
against front face of rear insert. 

j. Align keyway of front insert with keyway of rear 
insert and slide front insert (largest diameter tirst) over 
contacts down to sealing insert. 

k. Align keyway of assembled inserts with keyway 
in body. Carefully push assembly into back of body. 
If sealing insert catches on key, depress insert with 
a dull instrument while it passes under the key. 

1. Start spanner nut into connector body by hand and 


tighten with spanner wrench (see table 3-16), using 


standard torque wrench handle (1/4 inch drive), as 
shown in figure 3—62. Tighten to torque values in table 
3~—16. 

m. Tighten back shell, or elbow if used, to body. Use 
strap wrenchor padded jaw pliers to tighten until back 
shell is bottomed, 


BACK SHELL COUPLING NUT 
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Figure 3-61. Installation of Bendix Fireproof Connector 


TABLE 3-16 


Torque Value for Fireproof Connectors 


Connector Size 


10S 

12S & 12 
14S & 14 
16S & 16 
18 

20 

22 

24 

28 

32 


3-69. CANNON MS CLASS B CONNECTORS. Cannon 
Class B connectors are supplied with a split shell held 
together by a shell assembly nut as shown in figure 
3-18. Cannon Class B connectors are installed as 
follows: 


a. Remove split shell by loosening shell assembly 
nut. Do not remove coupling nut from plug body. 

b. It all contacts are size 12 or smaller, no further 
disassembly isrequired. For removal of larger contacts 
see 3-24. 

c. Install the following items on wire bundle in list- 
ed order as shown in figure 3—G3. 


Spanner Wrench (Bendix) 


11-4045-10 


Torque 
10Ib in. 

“12 12 

-14 1-4 

-16 16 

-18 18 

-20 20 

°22 22 

-24 24 

-28 28 

32 32 


1. Cable clamp with loosened saddle. 

2. AN3420 velescoping bushing (at Icast one-extra 
telescoping sections are added if necessary). 

d. Slide insulating sleeves over each wire in bundle. 
Sleeves should be placed one inch back from wire ends 
to avoid burning during soldering operation. Sce 3-40 
for data about insulating sleeves. 

e. Solder wires to contacts using processes de- 
scribed in 3—42 through 3-47. 

f, Clean connections and slide insulating sleeves 


ove: contacts until they bottom against insert. 
g: Tie sleevesto wires using nylon braid as shown 
in figure 3-40. 
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7. _7y 


SPANNER WRENCH 





SPANNER NUT 
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7 os BODY 
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Figure 3-62. Torque Wrench Used on 
Bendix Fireproof Connector 


h. Reassemble split shell. Be careful not to pinch 
wires. Rotate and lock angle back shell in proper 
position. 

i. Install cable clamp as described in 3-54. 

3-70. CANNON MS CLASS C CONNECTORS, Cannon 


MS Class C connectors are supplied only as receptacles 
MS3100C and MS3102C. 


CAUTION 


Do not remove Class C inserts or contacts. 
Removal will break the pressure seal. 


Install Cannon MS 3100C as follows: (See figure 3-6-4) 


a. Remove back shell by unscrewing from body. Slide 
MS3057A cable clamp, AN 3420 telescoping bushing and 
back shell on the wire bundle in that order. 
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COUPLING NUT ON BODY 
AND INSERT ASSEMBLY 






INSULATING SLEEVES 


SPLIT SHELL 


ASSEMBLY 
NUT 
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TELESCOPING “rn 

BUSHING 


TEL ESCOPING 
BUSHING 


SADDLE 
CABLE CLAMP 


- Figure 3—63. Installation of Cannon Class 
B Connector 


b. Slide insulating sleeves over cach wire in bundle. 
Sleeves should be placed one inch back from wire cnds 
to avoid burning during soldering operation. See 3-40 
for data about insulating sleeves. 

c. Solder wires to contacts using methods described 
in 3—-42 through 3-47. 

d. Clean connections and slide insulating sleeves 
over contacts until they butt against the insert. 

e. Tie sleeves to wires using nylon braid as shown 
in figure 3-40. 

f. Slide back shell down over wire bundle and tighten 
to body. Use strap wrenchto tighten back shell 1/8 
turn beyond hand tight. 

zg. Install cable clamp as described in 3-54. Install 
Cannon MS3102C inthe same manner as Cannon MS3 100C 
except omit steps a and f, 











BODY AND INSERT ASSEMBLY 
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NOTE: DO NOT REMOVE INSERT 
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AN3420 TELESCOPING BUSHING 
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Figure 3-64. Installation of Cannon Class C Connector 


3~71. CANNON MS CLASS E CONNECTORS. Install 
Cannon Class E connectors as follows: (See figure 


3-65) 


a. Unscrew back shell. Do not pull AN 3420 bushings 
out of back shell. Loosen saddles but do not remove 
them from back shell. 

b. Slide back shell and bushing assembly over wire 
bundle. 

c. Thread pre-tinned wires through grommet follower 
and through grommet. Note relationship of grommet 
follower and grommet in figure 3—65. 


CAUTION 


Insert proper wires in holes of grommet and 
grommet follower. These are coded to match 
markings on back of insert. 


Use alcohol as a lubricant if necessary, After wires 
are threaded through grommet, use air blast to dry 
alcohol. 
Note 
Do not install insulating sleeves on wires. 


d. Solder wires to contacts as described in 3—42 
through 3—47. If contacts are larger than number 12 size, 
they are removed as described in 3—24. 

e. Reinstall large contacts by pushing them through 
rear of insert until seated. (See figure 3—57.) Use al- 
cohol as alubricant, if necessary. Install each contact, 
when cool, before proceeding to solder next contact. 
This willhelp avoid erros. Use abakelite screw-driver 
to aid in seating contacts. 

f. Slide grommet down over wire bundle. 


CAUTION 


Pull lightly on each wire as grommet is seated 
to prevent wires folding between insert and 
grommet, 


g. Slide grommet follower down over wire bundle. Use 
same caution as in step f. (See figure 3—66.) 

h. Slide back shell and bushing assembly over wire 
bundle and hand tighten to body. Use strap wrench to 
tighten back shell until it bottoms. 

i. Tighten saddle screws until 1/16’’ clearance re- 
mains between each saddle and mounting tab of back 
shell. 
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BODY AND INSERT ASSEMBLY 






GROMMET 


GROMMET FOLLOWER 


AN3420 TELESCOPING BUSHINGS i 


NOTE: DO NOT USE 
INSULATING SLEEVES 


BACK SHELL AND CLAMP 


Figure 3~65. Installation of Cannon Class E Connector 


KEEP WIRES 
TAUT 





WIRES FOLDED BETWEEN USE SCREWDRIVER TO MOVE 
GROMMET AND INSERT GROMMET INTO POSITION 





Figure 3~66. Cannon Class E Connector — Grommet Installation 
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3~72. CANNON MS CLASS R CONNECTORS. The in- 
stallation of Cannon Class R connectors is the same 
as that for Cannon Class E connectors. 


3-73. CANNON FIREPROFF CONNECTORS. Cannon 
fireproof connectors have crimp type contacts to with- 
stand high temperature operating requirements. Installa- 
tion is as follows: (See figure 3—67) 


a. Release back shell by removing four holding 
screws. Do not remove coupling nut from plug body. 

b. Use retaining ring pliers to remove internal retain- 
ing ring. 

c. Tap connector body in palm of hand to remove in- 
serts. Separate inserts to release contacts. 

d. Carefully plull retaining clips from contacts, Do 
not lose clips. 

e. Install the following items on wire bundle in listed 
order: 


1, Back shell, with conduit if required. 

2. Retaining ring. 

f, Silver solder, or crimp wires into contacts using 
any of the methods described in section V. 

g. Slide contacts through rear insert. Be careful to 
get each contact into its proper location by observing 
the identification letters on the insert. 

bh. Reinstall the retaining clips to lock contacts in- 
to inserts, 

i. Push front insert over contacts. Observe identi fi- 
cation letters to assure proper location of contacts. 

je Examine contact and insert assembly to seethat 
insert halves butt, and then slide assembly into body. 

k. Reinstall retaining ring. 

1. Tighten back shell by replacing four holding 
screws. 

m. Tighten conduit coupling nut or other required 
fitting. Use strap wrench to tighten 1/8 turn beyond 
hand tight. 


3-74. MINIATURE MS CONNECTORS WITH SOLDER 
TYPE CONTACTS. Miniacure MS connectors Class E 
and F are installed as follows: 


a. Remove retaining nut by unscrewing it from the 
body shell, and slide the nut over the wire bundle. 

b. Slide tapered sleeve, (grommet follower) over wire 
bundle. 

c. Thread wires through the proper grommet holes. 

d. Strip and tin wires following the procedures out- 
lined in section II. Strip insulation 1/4 inch for sizes 
12 and 16 contacts; strip insulation 1/8 inch for size 
20 contacts. 

e. Insert tinned wire into the solder cup of the con- 
tact. Apply heat with a resistance soldering untoas 
shown in figure 3—31; a soldering unit with a foot switch 
is recommended. Heat until solder is liquified; apply 
more solder if necessary. When solder is liquid, press 
the foot switch to turn off the hear, but do not remove 
the resistance unit probes until the solder has solid- 
ified, Do not move the joint until che solder has cooled. 

f, Slidethe grommet forward over the solder cups of 
the contact against the fact of the insert. 
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g. Slide the tapered sleeve (grommet follower) over 
the end of the grommet. 

h. Bring the retaining nut forward and tighten it to 


the body shell. 


CAUTION 


Do not ren:ove inserts from these connectors. 
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Figure 3-67. Installation of Cannon 
Fireproof Connector 
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3~75. Install Class P miniature MS connectors with 
solder type contacts as follows: 


a. Remove potting mold and retaining ring from body 
shell, and slide over wire bundle, 

b. Prepare wires and solder tocontacts as described 
in 3—74, steps d and e. 

c. Slide retaining ring and potting mold down wire 
bundle, and screw to body shell. 


Note 


Make sure that retaining ring is fully tightened. 
A loosely coupled ring affects the bayonet ace 
tion of the coupling ring. 


d. Pot connector as described in 3—62.. 


3—76. Class H miniature MS connectors are not dis- 
assembled for soldering. Prepare wires and solder to 
contacts as described in 3—74, steps d and e. 


3—77. MINIATURE MS CONNECTORS WITH REMOV- 
ABLE CRIMP-TYPE CONTACTS. These connectors 
are received from the manufacturer with the contacts 
separately packaged, so that the wires canbe crimped co 
the contacts witha crimping tool before they are assem- 
bled into the connector insert. 


3-78. HAND CRIMPING TOOLS FOR CONNECTOR 
CONTACTS. (See figure 3—68) The Military Standard 
tool for crimping electric connector contacts is MS3191. 
It is a hand operated tool, cycle controlled by means 
of a ratchet which will not release until the crimping 
cycle has been completed. The tool has a separate 
positioner for each contact size, color coded as follows: 


Contact Size No. 20 — Red 
No. 16 — Blue 
No. 12 — Yellow 


Use cthistool for assembling wires to crimp type remove 
able contacts of all Military Standard miniature connec- 
tors. 


CAUTION 


Do not disassemble this tool. Do not tighten 
or loosen nuts on back of tool. 


3-79. MS3191-1 CRIMPING TOOL. As shown in figure 
3—068a, this tool has one contact positioner installed in 
the cool, and the other two stored in a cavity in the tool 
handle. The three contact sizes, and the wire sizcs 
each contact will accommodate are marked and color 
coded on a data plate on the face of the tool. 


3-80. MS3191-3 CRIMPING TOOL. In this tool the 
color coded positioners are fixed in a rotating turret 
contained in the cool head. (See figure 3—68b), Wire 
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sizes are markedon a selector plate on the face of the 
tool, Correct indentor closure for wire size being used 
is set by moving thumb button pointer to desired wire 
Size. 


Note 


Either MS3191-1 or MS3191-3 may be used to 
crimp contacts shown on Military Standard 
drawing MS3191. 


3-81. TOOL INSPECTION. The standard MS3191 crime 
ping tool is checked for proper adjustment of the crim- 
ping jaws by means of the appropriate MS3196-3 gage. 
Do this before each series of crimping operations. 


Note 


Iftool failsto page correctly, or if the ratchet 
becomes inoperative, return the tool for repair. 


3-82. INSPECTING MS3191-1CRIMPING TOOL. This 
tool is gaged separately for each positioner. The pro- 
cedure is as follows: 


a. Make sure the positioner is locked in place, 

b. Select the proper page for the positioner being 
used. 

c. With the tool fully closed, insert the GO gage 
through the positioner and into the crimping dies. The 
GO gage should enter the positioner and dies freely 
so that the page handle seats firmly on the top of the 
positioner. (See figure 3—69) 

d. The NO-GO gage should not be able to enter into 
the crimping dies, and the page handle does not seat 
on the positioner. 


CAUTION 


Do not crimp down onthe gage pin as this will 
prevent the tool from cycling to ratchet release 
position. 


3-83, INSPECTING MS3191-3 CRIMPING TOOL. Only 
the No. 20 wire size indentor setting is gaged for this 
tool. The procedure is as follows: 


a. Slide the thumb button until the pointer is in line 
with the No. 20 wire size on the selector plate. (Refer 
to figure 3—68b). 

b. Close the tool handles to fully closed position. 

c. TheGOpin of MS3196-20 gage should pass freely 
through the indentor tips. 

d. TheNO-GO gage pin should not pass between in- 
dentor tips. 


CAUTION 


Donotcrimpdownon the page pin as this will 
damage the indentors. 
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Figure 3-69. Gaging MS3191-1 Crimping Tool 


3-84. INSERTION TOOLS FOR CRIMP TYPE CON- 
TACTS. See figure 3—70a. The Military Standard tool 
for inserting contacts into connector inserts 1s 
MS24256A. There is a separate tool for each contact 
size as listed in table 3—17. Inserting tools for con- 
tact sizes 16 and 12 have ahollow lip which fits snugly 
over the contact crimping barrel. The tool for size 20 
contact fits over the insulation support. Contact sizes 
16and 12 donothave insulation support. An indicating 
band on the working end of the tool determines correct 
depth of tool insertion. Use this tool to insert contacts 
in all Milicary Standard miniature connectors with re- 
movable contacts. 


3-85. EXTRACTION TOOLS FOR CRIMP TYPE CON- 
TACTS. See figure 3—70b. The Military Standard tool 
for extracting contacts from connector inserts is 
MS24256R. The sizes for each contact are listed in 
table 3—17. This tool has a hollow cylindrical probe 
which fits snugly over the pin or socket end of the con- 
tact, andreleases the insert retention clip when pushed 
over the contact. Two indicating bands determine cor- 
rect depth; the band nearest the working end of the tool 
is for pin contacts, the other for socket contacts. The 
extraction tool has a thrust assist collar (or slide) which 





is pushed forward to eject the contact from the insert 
retention clip by means of an internal plunger. Use 
this tool tc remove contacts from all Military Standard 
miniature connectors with removable contacts. 


3-86. CRIMPING PROCEDURE FOR MS3191-1 TOOL. 
The procedure for assembling wirestocontacts with the 
MS3191-1 hand crimping tool is as follows: (See figure 
3-71) 


a. Openche crimping tool by exerting pres sure on the 
handles until the ratchet releases. 

b. Loosen the latch locking screw, and pull the latch 
to the open position, (refer to figure 3—G68a). 

c. Pull the positioner release all the way down 
against spring pressure and insert the correct positioner 
for the contact being crimped. Insert the positioner so 
that the flat on its flange mates with flat onthe handles, 
and flange is flush with the handle. 


Note 


Positioners are stored in the tool handle, and 
are stamped with contact number, and color 
coded to match the color code on the data plate 
onthe face of the tool. Pull the spring loaded 
plug to remove (or replace) the positioners. 
Store positioners not being used in handle. 


d. Push the positioner latch to the closed position, 
and tighten the latch locking screw. 

e. Stripthe wire using any of the methods described 
in section II. Stripping lengths are: 


Contact size 20 - .157 to .186 
Contact size 16 - .250 to .284 
Contact size 12 - .250 to .284 
f. Insert the stripped wire intothe contact until end 


shows through inspection hole and insert both through 
the indentor opening into the positioner. 


TABLE 3-17 


Connectors With Crimp-T ype Contacts and Assembly Tools 


Connector and Color Crimping Insertion Extraction 
Contact Size Code Tool Tool Tool 
MIL—C—26482: 20 Red MS3191-1 or 3 MS24256A-20 MS24256R-20 
16 Blue MS319 1-1 or 3 -16 -16 
12 Yellow MS3191-1 or 3 -12 -12 
MIL—C—26500: 20 Red MS319 1-1 or 3 MS24256A-20 MS24256R-20 
16 Blue MS3191-1 or 3 “16 -16 
12 Yellow MS3191-1 or 3 -12 -12 
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b. MS24256R EXTRACTION TOOLS 


e Figure 3-70. Insertion and Extraction Tools for Crimp-Type Contacts 
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STRIPPED WIRE 


CONTACT 






INDENTOR 
OPENING 


: WIRE VISIBLE THROUGH 
a INSPECTION HOLE 


Figure 3-71. Assembling Wires to Crimp-Type 
Contacts 


Note 


When crimping size 20 contacts, make sure that 
insulation extends into insulation support of 
contact, 


g. Squeeze the tool handles with one firm stroke until 
the positive stop is reached. The ratchet will then re- 
lease and the tool will open. Remove the crimped con- 
tact and wire. 


3-87. CRIMPING PRCCEDURE FOR MS3191-3 TOOL. 
The procedure for assembling wires to contacts with 
the MS3191-3 hand crimping tool is as follows: 


a. Release turret by depressing turret latch with 
thumb, and rorate turret until correct positioner for con- 
tact being crimped lines up with index line on head 
assembly. (Refer to figure 3—G68b). 

b. Push turret down into latched position. 

c. Slide thumb button until pointer is in line with 
wire size being used, as marked on selector plate. 
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d. Strip wire as described in 3—8Ge. 

e. Insert the stripped wire intothe contact until end 
shows through assembly hole. Insert wirc and contact 
through the indentor opening into the positioner. 


Note 


When crimping size 20 contacts, make sure that 
insulation extends into insulation support of 
contact. 


f. Squeeze the tool handles as far as they will ga 
The ratchet will then release and the tool will open. 
zp. Remove crimped contact and inspect. 


Note 


Provision is made for safety-wire locking both 
head and thumb burton for production runs of 
same size contact and wire, 


3-88. EYESIGHT CRIMPING. Short contacts may be 
crimped in the MS3191-4 tool (MS3191-3 with the curret 
removed.) The procedure is as follows: 


a. Release the turret by depressing the turret latch. 

b. Loosen the two retainer screws with the 1/8 
Allen wrench supplied with the tool. Remove the head 
from the tool frame. 

c. Slide the thumb button until the pointer lines up 
with the wire size to be crimped. 

d. Insert the contact into the tool, and slowly close 
the handles, at the same time positioning the contact 
so the indentors will crimp midway on the crimp barrel. 

e. Hold the contact lightly withthe indentor tips, 
and insert the stripped wire into the contact. 

f. Make sure the wire is borromed in the contact, and 
close the handles all the way. 

ge Remove the crimped contact, and inspect. 

h. Check to make sure that the wire is visible in 
the inspection hole. 


3-89, ASSEMBLING WIRED CONTACTS INTO CON- 
NFCTOR. Insert the crimped contact into the connec- 
tor as follows: (See figure 3—72) 


a. Slide rear accessories back onto wire bundle. 

b. Select the correct insertion tool from table 3—17. 
Insert the crimped end of the contact into the hollow 
end of the insertion tool, and lay the wire into the slot 
in the tool handle. 

c. Guide the contact into the correctly numbered 
grommet hole inthe rear face of the insert, and feed the 
contact carefully into the hole. 

d. Push the tool straight in at right angles to the 
grommet. surface, until che contact is fully seated. At 
the indicator band on the tool enters the grommet hole 
the contact retention clip will snap into place on the 
contact with a slight audible click. 

e. Withdraw the tool, keeping it perpendicular co the 
grommet face. 

f. Fill all unused holes with sealing plugs of appro- 
priate size 
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Figure 3-72. Assembling Wired Contacts Into Connector 


CAUTION grommet hole. Do not push all the way in. 
b. Slide the insertion tool over the contact barrel. 
Do not attempt to reseat a contact once the When installing a size 20 contact, the tool internal 
insertion tool has been removed. Remove con- shoulder will bute against the rear of the contact insue 
tact and start over again with contact barrel lation support. When installing size 16 or 12 contacts 
properly located in tool. Failure to follow this the tool tip will bute against the contact shoulder. 


precaution will cause insertion tool to shear 
barrel while inside grommet. Sharp edpe of 
sheared material will cut through grommet web 
and cause short circuit. 


c. Complete the procedure by following steps d, e 
and f of 3—89. Observe caution note of 3—89. 


3-91. REMOVING CONTACTS FROM CONNECTOR. 
Remove contacts from the connector as follows: (See 
3-90. ALTERNATE CONTACT ASSEMBLY PROCE- figure }—73) 
DURE. If desired, the following procedure may be used 


: : ; a. Select the correct extraction tool for the contact 
to insert wired contacts into the connector: 


to be removed from table 3-17. 


a. Push che wired contact carefully into the correct b. Slide rear accessories back on the wire bundle. 
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Figure 3-73. Removing Crimp-Type Contacts from Connector 


c. Working fromthe front or mating end of the con- 
nector, Slip the hollow end of the extraction tool over 
the contact, with the tool parallel to the contact, and 
squarely perpendicular to the insert face. 


Note 


The Pyle-National extraction tool has a spacer 
sleeve withpositions for either male or female 
contacts. Set to correct position before in- 
stalling tool oncontact. Refer to figure 3—70b. 
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d. Push the tool toward the rear of the connector 
with a firm steady push until the tool comes to a pos- 
sitive stop and bottoms in the insert hole. A slight 
rotation of the tool may aid the tool insertion. 


e. Push the thrust assist collar or slide forward as 
far as it will go. 


f. Withdraw che tool from the contact, keeping the 
tool perpendicular to the insert face. 


g- Remove the contact from the back of the connector. 


CAUTION 


Make sure the extraction tool is always ex- 
actly aligned withthe contactto avoid damage 
to the contact or to the insert. 


3-92. NON-STANDARD CONNECTORS WITH REMOV- 
ABLE CRIMP-TYPE CONTACTS, In addition to the 
MS connectors described in 3—6 and 3—11, there are four 
series of non-standard connectors also having removable 
crimpetype contacts. These are assembled in the same 
way as the corresponding MS standard connectors, ex- 
cept that tools used are made by the manufacturers of 
the connectors. These non-standard connectors are as 
follows: 


a. Amphenol #69 series. Similar to the large standard 


MS connectors, and mating with them. Applicable tools 
are listed in table 3-18. 


TABLE 3-18 


Installation Tools for Crimp- Type 
Contacts - Amphenol #69 Series 


Insertion Extraction 


Contract Size Crimping Tool Tool Tool 
16 MS3191 294-39 294 - 40 
12 


b. Bendix #10-214000 Series. Similar to the large 
standard MS connectors, and mating with them. Crimp- 
ing tools are listed in table 3-19. 


TABLE 3-19 


Crimping Tools for Crimp-type Contacts 
Bendix #10 - 214000 Series 


Contact Size Crimping Tool — Locator 
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CAUTION 


Size 16 pin and socket contacts are available 
in long and short lengths. Care should be ex- 
ercised to prevent mismating one to the other. 


c. Cannon EXA Series. Similar tothe AN type Class 
R connectors and mating with them. Tools listed in 
table 3—17 are used for assembling these connectors. 

d. Bendix CE series. A miniature series of connece 
tors, available in shell styles similar to those of MS 
miniature connectors made by Bendix. Applicable tools 
are listed in table 3—20. 


Installation of Bendix ‘‘CE’’ series connectors is as 
follows: 


1. Strip the wire insulation to 1/8 inch for size 20 
contacts, and to 1/4 inch for size 16 contacts. 

2. Install the correct positioner from table 3—20 into 
the crimping tool and crimp the contact to the wire as 
described in 3—86. 

3. To insert contacts into the connector select the 
correct insertion tool from table 3—20. Slide rear acces- 
sories onthe wire bundle. Grasp the crimped end of the 
contacts with the pliers so that the shoulder in the tip 
of the tool butts against the end of the wire well. 

4, Align the contact with the hole in the rear face 
of the insert and push forward in line with the hole until 
the contact is felt to snap in position. A slight increase 
in resistance may be noticed just before the contact 
reaches its seated position. 


Note 


The contact may be positioned by hand in the 
corresponding hole in the grommet before final 
seating with the insertion tool, to insure prop- 
er alignment of the contact during insertion. 


5. Remove the insertion tool tips from the grommet 
by releasing the holding pressure on the handles and 
pulling straight to the rear. 

6. Fill all unused insert holes with grommet sealing 
plugs of appropriate size. 


16M 11-6941 - 1 11-6932- 1 7. To remove contacts, push contacts from the front 
16 M long 11-6941 - 1 11-6932 - 2 tace of the connector tale thsough the grommet using 
12 11-6941 - 1 11-6932 - 3 the correct tool from tabldFgrezu: 

TABLE 3-20 


Installation Tools for Crimp Type Contacts-Bendix CE Series 


Contact 
Size Crimping Tool Positioner 
20 MS3191- 1 11-7771 - 5 
16 MS3191 + 1 11-7771 - 6 


*With Handle 11-6911 or 11-3699 


Insertion Removal Tool® 
Tool Pins Sockets 

11-6782 11-6783 11-6784 

11-6781 11-3697 11-3698 
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3-93. CANNON DPD CONNECTORS. Cannon DPD 
connectors have rectangular shells. Their main use is 
for rack and panel plug-in assemblies. These connec- 
tors are not MS butthey have many applications in mili- 
tary aircraft where it is desirable to combine coaxial 
cable disconnects with general wiring disconnects in 
One unit. Installation is as follows: (See figure 3—74) 


a. Thread bushings (AN 3420) if required, into end 
bell from inside so that flange of bushing rests flush 
against inside of rear wall of end bell. 


b. Slide end bell assembly on wire bundle. 


Note 


Steps c through h are only for connectors 
which have coaxial contacts. 


c. Remove stop nuts on rear of shell to free coaxial 
contact retaining clips. Coaxial contacts are removed 
from rear of insert. (See figure 3—75) 


d. Strip and prepare coaxial cable following proce - 
dures given in section IV, paragraphs 4-17 through 
4-25. See table 3—21 for stripping dimensions. 


e. Remove solder pot cover from contact by prying 
out with knife. 





INSERT AND CONTACT ASSEMBLY 


SHELL 
ee 


tion 


f. Insert cable and solder center conductor to contact. 
The dielectric should butt against contact solder pot. 
Remove flux with Stoddard’s solvent. 

g- Replace solder pot cover and solder shield to 
ferrule. 

h. Remove flux with solvent. Do not allow solvent 
to flow under solder pot cover. 

i. Solder general purpose wires to remaining contacts 
in insert. Use procedures described in 3-42 through 3-47. 

j- Clean rear of insert by brushing with Stoddard’s 
solvent. If rear of connector is to be potted, follow 
cleaning with a methylene chloride wash as described 
in 3—62e. 


CAUTION 


Methylene chloride vapors are toxic. 


k. Reinstall coaxial contacts and replace retaining 
clips. Replace stop nuts to hold insert and coaxial con- 
tacts in shell. 

I. Slide end bell into position and mount to flange 
of shell. 


Note 


Step m and n apply only to connectors which 
are to be potted 





COAXIAL CONTACTS 
FIGURE 3-75 FOR DETAILS) 


WIRES SOLDERED 
TO CONTACTS 


AN3420 TELESCOPING BUSHING 


NOTE: CLEAN ALL SOLDERED CONNECTIONS 
WITH STODDARD’S SOLVENT. FOLLOW 
WITH METHYLENE CHLORIDE RINSE 
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COAXIAL CONTACT 
RETAINING CLIPS 


END BELL 
ASSEMBLY 


FILL WITH POTTING 
COMPOUND THROUGH 
HERE AFTER ASSEMBLY 





Figure 3-74. Installation of Cannon DPD Connector 


Section III 
Paragraphs 3-94 to 3-95 


TABLE 3-21 


Stripping Dimensions for Coaxial Cable 


Contact Type Cable 


Straight RG-58/U 
RG-59/U 
RG-62/U 


RG-58/U 
RG-59/U 
RG-62/U 


90° Angle 


DIMENSIONS IN TABLE 3-21 


STRIPPED 
COAXIAL CABLE 


TIN CONDUCTOR WITH A 


60/40 TIN-LEAD SOLDER BRAID FANNED OUT 


SOLDER CONDUCTOR 
INTO CONTACT 


ae: 


CAVA, Zs 


FOR STRAIGHT 
CONTACTS 


REPLACE SOLDER 
POT COVER 


Se 
= 


SOLDER BRAID 
TO FERRULE 


Strip Length (inches) 


A B c 

1/8 15/32 5/8 
1/8 15/32 5/8 
1/8 15/32 5/8 
3/16 15/32 19/32 
3/16 15/32 19/32 
3/16 15/32 19/32 


BEND 90° AFTER TINNING 


Yoo 


SOLDER CONDUCTOR 
INTO CONTACT 


FOR 9° 
ANGLE 


SOLDER 
CONTACTS 


BRAID TO 
FERRULE 


REPLACE SOLDER 
POT COVER 





Figure 3-75. Soldering Coaxial Cable to Contacts for DPD Connector 


m. Push nozzle of potting gun down through tele- 
scoping bushing (AN3420) and fill connector back with 
potting compound. Fill slowly to be sure all air is 
expelled. 

n. Allow potting compound to cure for 24 hours at 
room temperature (70°F to 75 F). 

o. Tighten saddle to compress telescoping bushing 
(AN3420). 


3-94. SUBMINIATURE CONNECTORS. Cannon con- 

nectors, UCS, UDS, and UES are simple subminiatures. 
The disassembly is described in 3-32. Solder wires 
carefully tothe contacts using a pencil type resistance 
soldering iron as shown in figure 3—31, and described 
in 3~43b. Clean off excess flux, and reassemble con- 
nector byreversing the disassembly procedure. Potting 


compound is forced through the back shell to provide a 
moisture and vibration proof seal. Directions for potting 
are given in 3—62. 


3-95. MINIATURE RECTANGULAR CONNECTORS. 
These connectors consist of aone piece body into which 
the contacts are molded. There is no back shell, and 
no,disassembly is required. A hood with cable clamp 
is used on either plug or receptacle to provide protece 
tion and support for the wires. Instal] the hood over 
the wire bundle, and solder wires to contacts using a 
resistance soldering unit. After the solder connection 
has cooled attach the hood to the connector with screws 
of the proper size. These connectors are also avail- 
able with taper pin contacts. See section VI for taper 
pin installation instructions. 


Section III 
Porographs 3-96 to 3-99 


3-96. SHIELD AND MULTIPLE CONNECTIONS. 


3-97. CONNECTING SINGLE SHIELDED WIRE TO 
MS AND POTTED CONNECTORS. Terminate single 
shielded wires as described in section I] paragraph 
2—59. For connection to Class A, B, C or K connec- 
tors, shield must end inside back shell as shown in 
figure 3~76. For connection to Class E, Class R or 
potted connectors shield must end outside seal, Crimp 
pigtail into terminal lug and ground to screw as shown 
in figure 3—77, or use permanent splice to join pigtail 
to short length of AN wire which is then terminated in- 
side connector to contact in regular manner, as shown 
in figure 3—78. 


3-98. CONNECTING SEVERAL SHIELDED WIRES TO 
MS AND POTTED CONNECTORS. Potted connectors 
which contain shielded wires and all other connectors 
which have many shields must terminate shields out- 
side the connector. The procedure is as follows: 


a. Form pigtail from shield outside connector area. 
See section I] paragraph 2-G3. 

1. For potted connector, pigtail should start L’’ 
from end of wire. 

2. For other connectors, pigtail should start far 
enough back to remain outside cable clamp. 


b. Solder each wire to its contacts. 


c. Crimp pigtails together intoone endof permanent 
splice. — 


d. Crimp single wire, (doubled if necessary - see 
section V) into other end of permanent splice. 


e. Slide insulating sleeve over splice and tie in place 
as shown in figure 3-78. 


f. Solder single. wire to proper contact in connector 
as shown in figure 3—78. 


INSULATING SLEEVES 
ON EACH CONDUCTOR 


TIE INSIDE 
BACK SHELL 


CONNECTOR 


SHIELD SOLDERED 
INTO CONTACT 


SHIELD FORMED 
INTO PIGTAIL 


Figure 3-76. Terminating Shielded Wire 
at MS Connector 
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SOLDERLESS TERMINAL LUG 





Figure 3-77. Grounding Shields Outside Connector 


g.- Complete connector assembly in normal manner. 


An alternate method for grounding utilizes a screw on 
the cable clamp to ground the shields as follows: 


a. Follow steps a and b, above. 


b. Crimp pigtails together into solderless terminal 
lug. 


c. Attach terminal lug under screw, as shown in fig- 
ure 3—77. 


Note 


lf all shields will not fit into one solderless 
terminal lug, use several terminal lugs and 
distribute them under both screws. 


3-99. GROUNDING SHIELDS WITH BONDING RING. 
When specified on the applicable engineering drawing, 
an AN3111 bondingring may be used to ground eight or 
more shields at an AN type connector. 


a. Remove washers from the connector cable clamp, 
and slide clamp back on wire bundle. 


b. Install the AN3111 bonding ring onthe wire bundle 
between the connector back shell and the cable clamp, 
with the bonding ring lug toward the solder contacts. 


c. Make a hole in one shieldand expand it ta hold 
up to three other shields as shown in figure 3-79. Tight- 
enthe expanded shield around the others and sweat 
solder together. Repeat as necessary for number of 
shields to be grounded. 





PERMANENT SPLICE WITH 
INSULATING SLEEVE TIED IN PLACE 
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Figure 3-78. Terminating Shielded Wires at 
Potted Connector 


d. Pull one of the shields through to form a jumper. 
Inscall a length of insulating sleeving over the jumper 
shield. 

e. Clamp the ears of the bonding ring lug around the 
jumper(s), and solder. Pull the insulating sleeve over 
the soldered connection. 


3-100. CONNECTING TWO WIRES TO ONE CONTACT. 
Connect two wires to one contact by using one of the 
following methods: 


a. Ifboth wires can be fitted into contact solder cup, 
proceed as with single wire. Slide insulating sleeve 
over both wires together and insert them into solder 
cup. Make sure all strands are inside cup before sold- 
ering. When solder has cooled push insulating sleeve 
down until it butts against insert. See figure 3-80. 


CAUTION 


Avoid connecting two wires to one contact in 
Class E and R connectors; this will cause 
loss of moisture proofing. 


Section II 
Paragraphs 3—100 to 3-103 


b. If both wires cannot fit into contact solder cup, 
use permanent splice to join both wires to a third wire 
which can fit into solder or crimp cup. See section V, 
paragraph 5—G7 for splicing procedure and figure 3-81 
for illustration of this connection. 


CAUTION 


The use of a single wire to terminate two wires 
at aconnector must be approved by engineering. 


3—101. REDUCING WIRE SIZE AT MS CONNECTOR. 
Reduction of wire sizeto enable a larger diameter wire 
to be soldered to a smaller diameter contact solder cup 
iS sometimes required. A safe method of making the 
reduction is as follows: 


a. Select apermanent splice which will accommodate 
the larger wire. Crimp this splice to the stripped wire 
as described in section V, paragraph 5—G3. 

b. Selecta six inchlengthof wire which will fit the 
cup of the contact. Strip one end sufficiently long to 
be able to double the stripped portion back on itself as 
shown in figure 3-82. 

c. Crimp this doubled wire into the free end of the 
permanent splice. 


CAUTION 


Reduction of wire size needs engineering ap- 
proval. Current carrying capacity of smaller 
wire or contact must not be excecded. 


3-102. A second method for reducing wire size at an 
MS connector is by the use of an adapter as shown in 
figure 3—82. Select an adapter to suit the reduction re- 
quirements fromtable 3-22. The procedure is as follows: 


a. Strip wire to a length shat the adapter wire well 
will accommodate. 

b. Crimp the wire into the adapter, using the cool 
listed in table 3—22 for that adapter. 

c. Solderthe adapter stem to the contact, following 
the soldering procedure described in 3—42 through 3—47. 


3-103, PROTECTION OF ELECTRICAL CONNEC- 
TORS. See figure 3—83. Protect all unmated MS con- 
nectors with protective covers. Military Standard pro- 
tective covers and application to connectors is as 
follows: 


MS3180 = For miniature MS plugs with bayonet 


coupling 

MS3181 - For miniature MS receptacles with bayonet 
coupling 

MS3182 - For miniature MS plugs with push-pull 
coupling 


MS3183 - For miniature MS receptacles with push- 
pull coupling 

MS25042 - For standard MS plugs (external thread 
coupling) 

MS25043 - For standard MS receptacles (internal thread 
coupling) 
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TABLE 3-22 


Installation Tools for Wire-to-Contact Adapters 


Adapts 
Part Number Wire Size To Contact Size Crimping Tool 
1. Thomas & Betts: 
75-14586 - 1 #8 or =10 12 WT 130 
C 503 #10 or «12 16 WT 130 
75°14586 - 2 el2 or #14 16 WT 130 
675-50588 216 or #18 20 WT 111M 
2. Bendix: 
10-74696 - 6 #22 16 
- 4 216 12 
- 14 #18 12 
- 15 #20 12 
- 1 #10 8 
- 5 #12 8 
-12 #14 8 
- 13 #16 8 
3. Burndy: 
YE 8C12 #8 or #10 12 M8ND, N8CT-4 Die 
YE 1216 #12 or #14 16 Y14 MRP 
YE 1620 #16 or 218 20 Y16 TMR 
YE 1220 #12 or #14 20 Y14 MRP 






MWXXX) 6 AAA 


~ FOF eve 





AN3111 





Figure 3~79. Installing AN3111 Bonding Ring 
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INSULATING SLEEVE 


SLEEVE BOTTOMED AGAINST INSERT 


INSULATING SLEEVE 


BOTH WIRES 
BOTTOMED IN SOLDER 
SOLDER CUP 





USE SLEEVE TIED AT 
BOTH ENDS BECAUSE OF 
DIFFERENT WIRE 
DIAMETERS 





Figure 3-8]. Permanent Splice for Terminating 
Two Wires at One Contact 


Section III 
Paragraphs 3-104 to 3-106 


Use a protective cover with MS dash number correspond: 
ing to the shell size of the connector to be protected. 
Protective covers are available with or without an at- 
taching chain. Plastic dust caps to fit MS plugs 
(MS25177) and (MS25178) receptacles are also available. 


3-104. CONTINUITY TEST. Test all wires and wire 
groups as fabricated, with terminations attached, for 
continuity between the termination points specified on 
the applicable schematic. During the continuity test 
procedure observe the following precautions: 


a. Do not use lead pencils to count pins in connec- 
tors; points can break off and lodge in the connector, 
leading to arcing, shorting, and system malfunction. 


b. Do not use oversize prods in connector sockets 
during testing; this may result in splayed or damaged 
sockets. 


c. Do not puncture wire insulation with a probe, or 
aurachclamps to wire insulation while continuity testing 
or trouble shooting. 


3-105. CONTINUITY TEST PROCEDURE. Use the 
ohmmeter section of an approved multimeter, such as 
the TS 352B/U shown in figure 3~—84 todetermine cir- 
cuit continuity. Continuity for short runs, where con- 
ductor resistance is not a factor, is defined as “‘zero’’ 
resistance. The procedure for determining continuity, 
using the TS 352B.U, or similar, multimeter is as 
follows: 


a. Set the function control to OHMS, and the range 
control to the 0-1,000 ohms range. Zero the instrument 
as directed in the operating manual for the instrument 
used. 


b. Apply the test leads to the terminations of the 
wire run. 


c. Note reading onthe ohms scale. A_ reading of. 25 
ohms, +: .25 ohms is considered verification of circuit 
continuity. 


Note 


The tesclead extremitics contacting the term- 
inations under test must provide adequate con- 
stant contact, and must not damage the ter- 
mination. 


3-106. TEST LEADS. For ground points and terminal 
lugs, use test leads with alligator clips. For connec- 
tor pins and sockets, use a special lead ending ina 
sleeve-insulated pinor socket of the same size as that 
being tested. 


CAUTION 


Do not insert an oversize test probe into a 
connector socket, as this will result ina 
splayed or damaged contact. Do not hang a 
testlead from a pincontact as this will result 
in a bent pin. 
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MAXIMUM WIRE SIZE 
CONTACT CAN ACCOMMODATE 


DOUBLE IF PERMANENT SPLICE HEAVY WIRE 
NECESSARY 


a. PERMANENT SPLICE METHOD 


SOLDER WITH 60/40 
TIN-LEAD SOLDER 


ADAPTER FOR 
SOLDERLESS CRIMP OVERSIZE WIRE 


b. 





AGLTIPUEE EIT 
ar-oe 8/U 


MS25043—C MS25043 
a METAL CAPS 





: P 
See PES Figure 3-84. Multimeter for Continuity 
Figure 3~83. Protective Connector Caps Test (TS 352 B/U) 
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Paragraphs 4—1] to4- 6 


SECTION IV 
RF CONNECTORS AND CABLING 


4-1. INTRODUCTION. 


4-2. GENERAL. Coaxial cable assemblies are used 
to carry RF (radio frequency) power from one point to 
another withaknown rate of loss. Anassembly consists 
of RF connectors attached to coaxial cable. The coax- 
ial cable described in this section is of the flexible, 
solid dielectric type, relatively small to medium size. 
The characteristic impedance of most of the cable is 
50 ohms, but several of the cables listed have a char 
acteristic impedance of 48, 53, 75 or 93 ohms, 


4-3. SCOPE. This section describes and illustraces 
the Military Standard RF connectors and coaxial cable 
most commonly used in military aircraft and the recom- 
mended methods for assembling coaxial cable to the 
connectors, This section also describes and gives in- 
Structions for assembling miniature RF connectors to 
coaxial cable, and for RF connectors used in fuel quan- 
tity indicating systems. General procedures for ins- 
tallation of coaxial cable assemblies into aircraft are 
given in section XIV. 


4-4, REFERENCE SPECIFICATIONS AND DOCU- 
MENTS. 


QeS-571 Solder, Lead Alloy, Tin-lLead Alloy 
and Tin Alloy 

MIL-C-17 Cables, Radiofrequency, Coaxial 

MIL-C-7 1 Connectors, N, for Radiofrequency 
Cables 

MIL-1I-631 Insulation, Electrical, Synthetic-Re- 
sin Composition, Non-Ripid 

MIL-T-713 Twine and Tape, Lacing and Tying, 
for use in Electrical and Electronic 
I. quipment 

MIL-C-3607 Connectors, Coaxial, RF, Pulse 
Serres 

MIL-C-3608 Connectors, Coaxial, RF, Series BNC 

MIL-C-3643 Connectors, Coaxial, RI, Scries HN 

MIL-W-5088 Wiring, Aircraft, Installation of 

MIL-A-609 1 Alcohol, I:thyl, Specially Denatured 

MIL-S-6872 Soldering Process, General Specifi- 
cation for 

MIL-I-8660 Insulating and Sealing Compound, 
Electrical 

MIL-C-23329 Connectors, Coaxial, RF, Series 
BNC, TNC, N and C 

MIL-C-25516 Connectors, Electrical, Miniature, 


Shielded or Unshielded, Environment 
Resisting Type 
MIL-HDBK-216 RF Transmission Lines and Fittings 


4-5. DESCRIPTION 


4-6, RF CONNECTORS. RF connectors are available 
as plugs, jacks and panel jacks, andreceptacles. Plugs 
and jacks are attached to the ends of coaxial cables; 
panel jacks and receptacles are mounted to panels or 
chassis. Some panel jacks are fastened by means of 
four screws through holes ina plate integral with the 
jack body (see figure 4—1). Other panel jacks are fas- 
tened by means of a single nut threaded over the jack 
body (see figure 4-4), Panel jacks and receptacles 
may be either front or rearemounted. Plugs always have 
male contacts; jacks and panel jacks always have fe- 
male contacts. This section covers the following series 
of RF connectors: 


a. BNC Series. See figure 4—1. A small, lightweight, 
bayonet type, quick-connect/-disconnect connector, 
used with small coaxial cables, where peak voltage is 
not more than 500 volts. 


b. HIN Series. See figure 4—2. A high voltage (up to 
5,000 volts), threaded coupling connector used with 
medium size coaxia! cables. 


c. N series. See figure 4~—3, A general purpose, 
threaded coupling connector used with medium size 
coaxial cables. 


d. C Series. See figure 4—4. A late model, bayonet 
type, quick-connect/-disconnect connector used with 
medium size coaxial cables. It is electrically similar 
to the N series. 


e. Pulse Series. See figure 4—5. Ahigh-voltage cone 
nector for pluse or dc applications. Designed for use 
with rubber-dielectric pulse cables, but may be used 
with equivalent-size cables of other contruction where 
high voltage is not required. With ceramic inserts peak 
voltage is 15000 v. at sea level. With rubber inserts 
peak voltage is 5000 v. at 50,000 feer, but higher volt- 
ages may be uscd ar lower altitudes, 


f. TNC Series. See figure 4-6, A small lightweight 
connector similar tothe BNC series, but having a thread- 
ed coupling, used where a positive coupling under vibra- 
tion and a low noise level is desirable. 


g. SC Series. A connector used with medium size 
coaxial cables; similar to the C series, but having a 
threaded coupling. 
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PLUG 
UG-88/U 


JACK 


UG-89/U 


PANEL JACK 
UG-291/U 


PLUG 
UG-59/U 


JACK 
UG-60/U 


PANEL JACK 
UG-61/U 


Figure 4~2. Typical HN Connectors 


96 





PLUG 
UG-21/U 


JACK 
UG-20/U 


‘(, PANEL JACK 
i 
ie] UG-19/U 





Figure 4-3. Typical N Connectors 


PLUG 
UG-573/U 


JACK 
UG-572/U 


PANEL JACK 
UG-570/U 





Figure 4—4. Typical C Connectors 


PLUG 
UG-180/U 


PANEL JACK 
UG-181/U 


JACK 
UG-174/U 





PLUG 
K A51-03 (KING) 


JACK 


KA31¢02 (KING) 


PANEL JACK 
KA 11-03 (KING) 


Figure 4-6. Typical TNC Connectors 
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Section IV 
Paragraphs 4—7 to 4-9 


4-7. COAXIAL CABLE. Coaxial cable consists of an 
inner (center) conductor separated from the outer con- 
ductor, usually calleda shield, by aninsulating dielec- 
tric. The cable is protected against moisture and ab- 
rasion by a tough outer jacket (sometimes called a 
sheath). See figure 4—7 for typical coaxial cables. The 
inner conductor is usually copper, either solid or strand- 
ed, and may be bare, tin plated or silver plated. The 
outer conductor (shield) is usually acopper braid, bare, 
tin plated or silver plated, woven over the dielectric. 
Some coaxial cables have a double outer conductor 
(double shield) to provide extra shielding. The dielec- 
tric has two functions: (1) it provides low loss insula- 
tion between the inner conductor and the outer conduc- 
tor, (2) it maintains the relative position of the inner 
conductor inside the outer conductor and therefore keeps 
the capacitance between the two at a constant value. 


SHIELD (OUTER CONDUCTOR) DIELECTRIC 


OUTER JACKET CENTER CONDUCTOR 
eo. SINGLE SHIELD 
OUTER JACKET INNER SHIELD 
(OUTER CONDUCTOR) 
CENTER 
CONDUCTOR 


OUTER SHIELD DIELECTRIC 


b. DOUBLE SHIELD 


SINGLE OR DOUBLE 


OUTER JACKET ,OUTER CONDUCTOR (SHIELD) 
/ CONDUCTING RUBBER 


INSULATING RUBBER CENTER CONDUCTOR 





c. PULSE CABLE 


Figure 4-7. Typical Coaxial Cables 
4-8. GENERAL PRECAUTIONS AND PROCEDURES, 


4-9. GENERAL PRECAUTIONS. A good connection 
depends onholding coaxial cable and connectors to the 
desigr dimensions. Any change in these dimensions 
will cause added losses to the RF power being carried, 
and may also cause radiation interference. It is impor- 
tant that the assembly directions given for each con- 
nection be followed carefully to avoid trouble. The 
following precautions are common to all assemblies of 
the coaxial cable and RF connectors. 
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Paragraphs 4-10 to 4-21 


4-10. When working with coaxial cable, never step on 
the cable, set anything heavy on it, or bend it sharply. 
This will flatten the cable and will change its electrical 
characteristics. Handle coaxial cable carefully art all 
times. Anything which damages it, or which might lead 
to its being damaged later, reduces theefficiencyof the 
system. 


4~11. Do not use pliers to assemble or disassemble 
RF connectors. 


4—12. Contacts for RF connectors are usually packed 
unassembled. Do not misplace them. 


4—13. When attaching connectors to coaxial cable hav- 
ing a double shield, make sure both shields are sold- 
ered together at connector. 


4-14. Use care in starting the nut into a plug or jack 
body, in order to prevent cross threading. 


4-15. Keep soldering iron clean, smooth, and well tin- 
ned at all times. See section IX for care of soldering 
iron. 


4—16. GENERAL PROCEDURES. During the prepara- 
tion of coaxial cable assemblies, observe the following 
general procedures. 


4—17. Cut coaxial cable to length with long handled 
cable cutters or pruning shears, making sure cutis clean 
and square. 


4-18. Identify cable by using the methods described 
in section II. 


4-19 Strip outer jacket from cable by first making a 
cut carefully around circumference with a sharp knife. 
See figure 4—8, step a. Then make a lengthwise slit, 
step b, and peel off jacket, step c. Take care not to 
nick, cut or damage shield. 


4-20. Comb out the braid by using a pointed wooden 
dowel or a scriber. 


CAUTION 


Do not damage dielectric or break shield 
strands. 


4-21. To remove dielectric, cut with sharp knife around 
circumference, not quite through to center conductor, 
taking care not tonick orcut strands, or otherwise dam- 
age conductor. Pull off dielectric. Another method of 
stripping the dielectric is to use a soldering iron to 
which a strip of sheet copper has been fastened as 
shown in fiture 4—9. The dielectric to be stripped is 
laid in the ‘‘V’’ and rotated. This will mele a clean 
break that permits the dielectric to be easily removed 
by hand. 
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CAUTION: 
DO NOT NICK SHIELD 


os aN 


~ 





"\ 
STEP a 


CUTTING AROUND JACKET 


CAUTION: 
DO NOT NICK SHIELD 





——— | 


STEP b 
SLITTING JACKET 


STEP e¢ 
PEELING JACKET 





Figure 4~8. Stripping Outer Jacket fron. 
Coaxial Cable 





HEATED SOLDERING IRON 


4 1/2" 
APPROX 


C 
s, eer 
a“ 





Figure 4—9. Improvised Dielectric Stripper 


4-22. Tincenter conductor with soldering iron as shown 
in figure 4—10. 


4-23. Tin inside of contacts (male or female) with sold- 
ering ironas shown in figure 4-11. (Use untinned face 
of tip to prevent depos iting solder on out side of contact.) 


4—24. Solder contacts (male or female) to center cone 
ductor with clean, well tinned, soldering iron using 
60/40 tinslead, rosin-core solder. See figure 4-12. 


ROSIN-CORE SOLDER 60/40 


Figure 4~10. Tinning Center Conductor 


UNTINNED SURFACE OF 
TIP TOUCHING CONTACT 


ROSIN-CORE SOLDER 60/40 





Figure 4-1]. Tinning Inside of Contact 
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Paragraphs 4-22 to 4-27 


CONTACT MUST BUTT 
FLUSH AGAINST DIELECTRIC 


ROSIN-CORE 
SOLDER 60/40 


FEED SOLDER 
INTO HOLE ONLY 


Figure 4-12, Soldering Contact to Coaxial Cable 


CAUTION 


Contact must butt flush against dielectric 
before and after soldering. 


4—25. When assembling the connector always start the 
clamping nut into the body by hand. then hold the body 
assembly in a vise using lead or neoprene jaw protec- 
tors. See figure 4—13. Hold body only on the flats. 
Do not use excessive pressure, since the body can be 
easily distorted. Tighten nut with end wrench. 


JAW PROTECTORS 
LEAD OR NEOPRENE 


HOLDS ON FLATS ONLY 


Figure 4-13. Tightening Nut into Plug or Jack Body 


4-26, SOLDERING COAXIAL CABLE TO RF CON. 
NECTORS. 


4-27, PREPARATION OF WORK. The work to be sold- 
ered must be clean and free fromoxides. Remove grease 
by cleaning with Stoddard’s solvent, or other approved 
cleaner. Oxides, if not too heavy are removed by the 
action of the rosin flux during the soldering operation. 
Heavily oxidized wire cannot be cleaned by the rosin 
flux and should be discarded. 
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Paragraphs 4-28 to 4-3] 


4-28. SELECTION OF SOLDERING IRON, For good 
soldering it is important to select a soldering iron of 
the proper size and heat capacity. For soldering coax- 
ial cable to RF connectors use an iron with a heating 
element rated at 65 to 100 watts, and atip of about 1,4 
inch diameter. The soldering tip should be shaped as 
shown in fipure 4—14. Maintain this shape by dressing 
the tip with a mill smooth file. Make sure the soldering 
iron is clean, smooth and well-tinned. See section IX 
for detailed instructions on care and maintenance of the 


soldering iron. 





Figure 4-14. Correct Shape for Soldering !ron Tip 
Note 


For soldering coaxial cable to RE connectors, 
tin only onc face of the up so that areas adjae 
cent to that being soldercd will not be coated 
with solder by accident. 


4-29, SOLDERING PROCEDURE. See section IX for 
gencral soldering procedures and precautions. For 
soldering cable to RF connectors, use only 60°10 tin 
lead solder with a core of rosin flux. Heat the parts 
tobe yoined, and apply the solder at the junction of the 
soldering irontip and the work as shown in figure 4-12. 
Do not apply heat longer than 1s necessary to mele the 


solder; excessive heat will swell che dielectric and 
make it difficult to insert into the body shell. Do not 
allow solder to flow over the outside of the contact. 
Atter the joint has cooled, remove excess flux by wiping 
with aclean cloth, using denatured alcohol as a solvent 
if necessary. Remove excess solder from the contact 
by scraping with a knife. Be careful not to cut into 
contact or diclectric. 


4-30. BNC SERIES CONNECTORS. 


4-31. BNC CONNECTOR TYPES, There are two ver- 
sions of BNC connectors, differing in the method of 
attaching coaxial cable to the connector body. Sce 
figure 4-1 for typical cxamples of BNC connectors. 
Table 4-1 lists che more common connectors inthe BNC 
series and shows the coaxtal cables associated with 


each. 


a. Improved Version (see figure 4—15) - consists of 
a plug or jack body assembled to coaxial cable with 
nut, grooved gasket and sleeve clamp. An insulation 
bushing is added wher assembly is co RG-62,U of 71 
cables. Plug UG-88F Uo and Jack UG-89C/U are typ- 
1cal of this version. [he sleeve clamp has a sharp rear 
face which cuts intothe grooved gasket and thus makes 
a tight seal, 

b. Captivated Contact Version (see figure 4-10) - 
similar to the improved version, but with the addition 
of a bushing and front and rear insulators, When assem- 
bly is to RGeG2 and 71/U cables a bushing insulator 
is added between the bushing and rear insulator. This 
version does not have military numbers, 


Note 
Bushing and rear insulator used with RG-545 
$8, lil and 142/U coaxial cables differ from 
those used with RG-59, 62, 71 and 140/U 


cables. 


TABLE 4-1 
BNC Series Connectors With Associated Cables 


Plug Jack 
Improved Version: 
UG-8BE7U UG-89C 


UG-260D/U UG-2601C-U 


Captivated Contact Version (Amphenol): 


31-301 31-302 


31-30% 31-305 
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For Use With 


Panel Jack 


RG-55/U, 58/U 
and 223/U 
RG-59/U, 62, U 
and 71°U 


UG-291C/U 


UG2262C/7U 


31-300 RG-55,'U, 58/U, 
bal/U and 142/U 
31-303 RG- 9/1, 62/0, 


71/U and 140°U 
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Figure 4-15. Improved BNC Connectors — Exploded View 





MALE FRONT PLUG BODY 
CONTACT INSULATOR 





GASKET BUSHING 





CL AMP REAR 
INSULATOR \ 
*WITH RG-55, 58, 141 AND 142°U a 
**WITH RG-59, 62, 71 AND 140/U ca = 
tke - = 
FEMALE FRONT JACK BODY 
(¢ CONTACT INSULATOR 


BUSHING INSELATOR 
WITH KG-62 and 7) U 
CABLES ONLY 


Figure 4-16. BNC Connectors with Captivated Contacts — Exploded View 
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4-32. ATTACHING IMPROVED BNC CONNECTORS 
TO COAXIAL CABLE, When attaching improved BNC 
connectors to coaxial cable (see figure 4-17), follow 
this procedure: 


—-| }— 5/ 16°” 


STEP a 
DO NOT BREAK STRANDS 


STEP b 
DO NOT NICK CENTER CONDUCTOR 
>| ae 


NUT GASKET CLAMP 


TAPE WRAP 


STEPS g AND h 
WITH SCISSORS 


CONTACT FLUSH WITH END OF INSULATOR 


JACK BODY FEMALE CONTACT 


Figure 4—]7. Attaching Improved BNC 
Connectors to Coaxial Cable 


Note 


While attaching connector, observe all general 
precautions and procedures listed in 4-9 


through 4—25., 


a. Remove 5/16 inch of outer jacket, exposing shield. 
See figure 4-8. 


CAUTION 


Do not nick shield. 
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b. Comb out shield. Use care to prevent breaking 
shield strands. 

c. Strip dielectric to 3/16 inch from edge of jacket, 
exposing center conductor. 


CAUTION 


Do not nick center conductor. 


d. Disassemble nut, grooved gasket and sleeve clamp 
from plug or jack body. See figure 4—15. 

e. Taper shield toward center conductor and wrap a 
piece of thin pressure tape, wide enough to cover the 
combed out shield (one layer is sufficient) around the 
shielding, forming a cone with the narrow end toward 
the conductor. 

f. Slide nut and gasket (V-groove away from nut) in 
that order over tapered shield onto jacket. Slide sleeve 
clamp over tapered shield until inside shoulder of clamp 
butrs flush against cut end of jacket. 

g.- Remove tape from = shield, comb shield back 
smoothly over sleeve clamp and trim to 3/32inch with 
scissors. 

h. Trim dielectric to 1/8 inch from shield, and cut 
off centerconductor to 1/8 inch from edge of dielectric. 

i. Tin center conductor as shown in figure 4—10. Tin 
inside of contact (male or female) as shown in figure 
4-11. 

j. Slip contactover center conductor sothat contact 
bucts flush against dielectric. For RG-62/U and 71/U 
add bushing. Solder, using a clean, well tinned, sold- 
ering iron- contact must still be flush against dielec- 
tric after solder has cooled; if it is not remake the 
joint. See figure 4—12. 


CAUTION 


Make sure that correct contact is used; a male 
contact always goes into a plug body, and a 
female contact always goes into a jack body. 


k. Push cable assembly into connector body as far 
as it will go. Make sure gasket is properly seated, 
with sharp edge of sleeve clamp entering gasket groove. 
Slide nut into connector body and fasten in vise. Start 
nut by hand and tighten with end wrench until enough 
pressure is applied to make a good seal by splitting 
the gasket. See figure 4-13. 


4-33. ATTACHING BNC CONNECTORS WITH CAP- 
TIVATED CONTACTS TO COAXIAL CABLE. When 
attaching BNC connectors with captivated contacts to 
coaxial cable (see figure 4-18), follow this procedure: 


Note 


While attaching connector, observe all gene- 
ral precautions and procedures listed in 4—9 


through 4—25. 


a. Remove 3/8 inch of outer jacket exposing shield, 
for all except plugs 31—301 and 31-304; strip jacket for 
these plugs 27/64 inch. See figure 4-8. 
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Figure 4~18. Attaching BNC Connectors With 
Captivated Contacts to Coaxial Cable 
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CAUTION 


Do not nick shield. 


b. Comb out shield. Use care to prevent breaking 
shield strands. 

c. Cut off cable dielectric to 3/16 inch for cables 
RG-55/U, 58/U, 59/U, 140/U, 141/Uand 142/U. Cut to 
5/32 inch for cables RG-G62/U and RG-71/U. 


CAUTION 


Do not nick center conductor. 


d. Disassemble nut, grooved gasket and sleeve clamp 
from plug or jack body. See figure 4-16. 

e. Taper shield toward center conductor, and wrap 
with tape as described in 4-32. Slide nut and grooved 
gasket (V-proove away from nut) in that order over ta- 
pered shield onto jacket. Slide sleeve clamp over braid 
and push back against cable jacket. 

f. Remove tape, comb shield back smoothly over 
sleeve clamp and trim to proper length; form evenly 
over clamp. 

g- Tin center conductor as shown in figure4—10. 

h. Slide on bushing, rear insulator and contact. These 
parts must butt as shown. When attaching to cables 
RG-62/U and RG-71/U add insulator bushing. 

i. Solder contact to center conductor. See figure 4—12. 
Remove excess flux and solder fromoutside of contact. 

j- Slide front insulator over contact and butt against 
contact shoulder. Do not reverse direction of insulator. 

k. Insert cable assembly into connector body. Make 
sure thatthe sharp edge of the clamp seats properly in 
the gasket. Tighten the nut, holding the body stationary. 
See figure 4-13. 


4-34. C SERIES CONNECTORS. 


4-35. C CONNECTORS. (See figure 4-4.) There is 
only one version of C connector. It consists of a body 
assembled to coaxial cable by means of a nut, gasket 
and clamp. Table 4-2 lists the more common connec- 
tors in the C series and shows the coaxial cable as- 
sociated with each. Plug UG-573B/U and Jack UG- 
572A/U are typical C Connectors. See figure 4-19. 


4-36. ATTACHING C CONNECTORS TO COAXIAL 
CABLE. When attaching C connectors to coaxial cable 
(see figure 4—20) follow this procedure: 


Note 


While attaching connector, observe all general 
precautions and procedures listed in 4-9 


through 4-25. 


a. Disassemble nut, gasket and sleeve clamp from 
plug or jack body. See figure 4-19, 

b. Slide nut and gasket, in that order, onto jacket. 
Make sure grooved face of gasket is way from nut. 

c. Strip outer jacketto ‘‘A’’ dimension given in table 
4—3, exposing shield. See figure 4—8. 
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Figure 4-19. C Connectors ~ Exploded View 


TABLE 4-2 


C Series Connectors With Associated Cables 


Plug Jack 


UG-573B/U UG-S72A/U 


LG-701B,U 


UG-—626B/U UG-633A,U 


UG-707A/U 


CAUTION 
Do not nick shield. 


d. Comb out shield and cut dielectric to ''B’’ dimen- 
sion given in table 4-3. 


CAUTION 


Do not nick center conductor. 


e. Taper shicldtoward center conductor and wrap a 
piece of thin pressure tape, wide cnough to cover the 
combed-out shicld (one layer ts sufficient) around the 
shielding, forming a cone with the narrow end toward 
the conductor. 

f. Slide sleeve clamp over tapered shield until inside 
shoulder of clamp butts against cut end of jacket. 

ge Remove tape and fold shicld strands back over 
sleeve clamp taper without overlaps. Trim shield with 
scissors so that strands end at end of clamp taper. 

h. Check that dielectric is exposed exactly to C”’ 
dimension in table 4-3, 

i. Tincenter conductor as shown in figure 4-10. 

js Tin inside of contact (male or female) as shown 
in figure 4-11, 


_., 
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For Use With 
Cable Types 


Panel Jack 


UG-S7OA'U RG-8/U, 9/U, 
UG-STIAU 213/U and 214/U 
UG-G629A/U RG-5/U, 6/U, 
UG-630A/U and 212/U 


RG—14, U and 217/U 


k. Ship contact over center conductor so that contact 
butts flush againse dielectric. Solder, using a clean, 
well tinned soldering iron; contact must still be flush 
against dielectric after solder has cooled; if it is not, 
remake the joint. See figure 4—12. 





TABLE 4-3 
Assembly Dimensions For C Series Connectors 
Dimensions 

Connectors A B c 
UG-—570/U jack 5/16 5/32 3/64 
UG-S7L'U jack 5/16 §/32 3/64 
UG-572. U jack 5/16 5/32 3/64 
UG—-573,'U plug 5/16 §/32 3/64 
UG-626'U plug §/16 $/32 3/64 
(G-629 'U jack $16 §/32 3/64 
UG=-630/U jack $16 5/52 3/64 
UG-633,'U jack 5/16 S752 3/64 
UG-707 /U plug 3/8 13/64 11/64 
UG=-710°U plug S716 * "5°32 3/6-4 
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Figure 4-20. Attaching C Connectors to Coaxial 
Cable 


CAUTION 


Be sure that correct contact is used; a male 
contact always goes into a plug body, anda 
female contact always goes into a jack hody. 


1. Push cable assembly into connector body as far 
as it will go. Slide gasket into connector body. Make 
sure gasket is properly seated, with sharp edge of 
sleeve clamp entering groove in gasket. Then slide 
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nut into connector body and fascen body in vise. Sce 
figuce {-13, Scart nue by hand and tighten with end 
wrench until moderately tight. Gasket should be cut 
in half during tightening. In plugs, the end of the con- 
tact should be flush with insulator. In jacks there 
should be a clearance of 0.010 inch between end of 
contact and insulator. 


4-37. HN SERIES CONNECTORS. 


4—3h, HIN CONNECTOR TYPES. There are two ver- 
sions of HN connectors, differing in the method of attach- 
ing coaxial cable to the connector body. See figure 
4—2 for typical examples of HN connectors. Table 4-4 
lists the more common connectors in the HN series and 
shows the coaxial cables associated with cach, 


Note 


The HN series of REF connectors are used for 
replacement purposes only. 


a. Improved Version (Sce figure 4—21)-consistsof a 
plug or jack body assembled to coaxial cable withnut, 
gasket and braid clamp. Plug UG-—59E/U and Jack 
UG-60E-/U are typical of this version, 

b. Captivated Contact Version (see figure 4—22)- 
consists of a plug or jack body assembled to coaxial 
cable with nut, gland, gasket, clamp, sleeve and front 
and rear insulators. Plug UG-1213/U and jack UG- 
1214’U are typical of this version. 


4-39, ATTACHING IMPROVEDHN CONNECTORS TO 
COAXIAL CABLE. When attaching improved HN con- 
nectors to coaxial cable (see figure 4—23), follow this 
procedure: 


Note 


While attaching connector, observe all gene- 
ral precautions and procedures listed in 4—9 
through 4—25. 


a. Disassemble nut, grooved gasket and braid clamp 
from plug or jack body. Sce figure 4-21. 

b. Remove 11/16 inch from outer jacket, exposing 
shield. Sce figure 4-8. 


TABLE 4-4 
HN Series Connectors With Associated Cables 


Plug Jack Panel Jack 
*UG-S9E/U *UG-60E/U *UG-6IE/U 
**UG—1213/U **UG—1214/U **UG-—1215/U 


*Improved Version; 


**Captivated Contact Version 


For Use With 
Cable Types 


RGB’U, 9/U, 
213,U and 214/U 
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Figure 4-21. Improved HN Connectors — Exploded View 
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Figure 4-22. HN Connectors with Captivated Contacts — Exploded View 


CAUTION 


Do not nick shield. 


¢c. Comb out shield and stripdielectric 1/4 inch. 


CAUTION 


Do not nick center conductor. 


d. Taper snield toward center conductor and wrap a 
picce of thin pressure tape, wide enough to cover the 
combed-out shieid (one layer is sufficient) around the 
shielding, forming a cone with the narrow end toward 
the conductor. 


¢. Slide nut and pasket in that order over tapered 
shicld onto jacket. Make sure that proove in pasket 
faces away from the nut. 


f. Slide clamp over shield until inside shoulder of 
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clamp butts flush against cut end of jacket. 


z- Remove tape from shield, and fold shield strands 
back over clamp without overlaps. Trim strands with 
scissors, so thatall strands end at end of clamp taper. 


h. Tin center conductor as shown in figure 4-10. 


i. Tin inside of contact (male or female) as shown 
in figure 4-1]. 


j- Slip contactover center conductor so that contact 
butts flush against dielectric. Solder, using a clean, 
well tinned, soldering iron; contact must still be flush 
against dielectric after solder has cooled; if it is not, 
remake the joint. See figure 4—12. 


CAUTION 


Make sure thatcorrect contactis used; a male 
contact always goes into a plug body, and a 
female contact always goes into a jack body. 
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Figure 4~23. Attaching Improved HN 


Connectors to Coaxial Cable 


k. Push cable assembly into connector body as far 
as it will po. Slide gasket into connector body, make 
sure gasket is properly seated with sharp edge of braid 
clamp entering groove ion gasket. Slide nut into connec- 
tor body and fasten body in vise (sce figure 4-13.) Scare 
nut by hand and tighten with end wrench until modera- 
tely tight. 


Note 


Gasket should be cutin half during ughtening. 


4-40. ATTACHING HN CONNECTORS WITH CAPTI- 
VATE.) CONTACTS TO COAXIAL CABLE. When 
attaching HN connectors with captivated contacts to 
coaxial cable (see figure 4—2-4), follow this procedure: 


Note 


While attaching connector, observe all gene- 
ral precautions and procedures listed in 4-9 
through 4—25. 
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Figure 4-24. Attaching HN Connectors with 
Captivated Contacts to Coaxial Cable 


a. Disassemble nut, gland, pasket, clamp, sleeve 
and front and rear insulators from plug or jack body. 
See figure 4-22. 

b. Remove 1-5/8 inches from outer jacket, exposing 
shield. See figure 4-8. 

CAUTION 


Do not nick shield. 


c. Comb out shield andcut offdielectric 29/32 inch 
from end of jacket. 


CAUTION 


Do not nick center conductor. 
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d. Taper braid wires forward and wrap with tape as 
described: in 4—39d. Slide nut and gland onto jacket. 
M:.ke sure. that sharp edge of gland is toward end of 
cable. Then slide gasket onto jacket with ''V’’ groove 
toward gland. 

e. Slide clamp over the braid until inside shoulder 
of clamp butts flush against end of jacket. 

f. Remove tape, and fold shield strands back over 
clamp without overlaps. Trim strands with scissors 
so that all strands end ac end of clamp taper. 

ge Tin center conductor as shown in figure 4-10, 
using minimum. amount of heat. 

h. Slide sleeve and rear insulator aver cable dielec- 
tric. Slip contact over center conductor. Rear insula- 
tor must seat against cable dielectric, and contact 
shoulder must be flush with insulator face. Solder con- 
tact to center conductor. (See figure 4—12). 

i. For jacks only, install front insulator. 


CAUTION 


Make sure chat correct contact is used; a male 
contact always goes into a plug body, and a 
female contact always goes into a jack body. 


j Pushcable assembly carefully into connector body 
as far as it will go. Make surethat sharp edge of gland 
remains in the gasket groove. Tighten nut with wrench, 
holding body stationary. (see figure 4—13). 


Note 


Gasket should be cutin half during tightening. 


4-41, N SERIES CONNECTORS. 


4-42. N CONNECTOR TYPES. There are two versions 
of N connectors, differing in the method of attaching 
coaxial cable to the connector body. See figure 4—3 for 


typical examples of N connectors. Table 4—5 lists the 


-more common connectors in the N series and shows the 


coaxial cables associated with each, 


a. Improved Version (See figure 4—25)-consists of a 
body assembled to coaxial cable with nut, grooved 
gasket and clamp. Plug UG-18D/U and Jack UG-20D/U 
are typical of this version. The sleeve clamp has a 
sharp rear face, which cuts into the grooved gasket 
when the nut is tightened. 

b. Captivated Contact Version (See figure 4-26) - 
consists of abody assembled to coaxial cable with nut, 
grooved gasket, clamp, washer and front and rear insu- 
lators. The plug body assembly omits the rear insula- 
tor. Plug UG-1185/U and Jack UG-1186/U are typical 


of this version. 


4—43, ATTACHING IMPROVED N CONNECTORS TO 
COAXIAL CABLE. When attaching improved N con- 
nectors to coaxial cable (see figure 4—27), follow this 
procedure: 


Note 
While attaching connector, observe all gene- 
ral precautions and procedures listed in 4—9 


through 4—25. 


a. Remove 9/32 inch of outer jacket, exposing shield. 
See figure 4-8. 


CAUTION 
Do not nick shield. 
b. Comb out shield and strip dielectric to 1/8 inch 


from end of jacket, exposing 5/32 inch of center con 
ductor. 


TABLE 4-5 


N Series Connectors With Associated Cables 


Plug Jack 


Improved Version: 


UG-18D/U UG-20D/U 
UG-21E/U UG-23E/U 
UG-594A/U 
UG-—536B/U 


Captivated Contact Version: 


UG-1185/U UG~1186/U 
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Panel Jack For Use With 
Cable Types 
UG-19D/U RG-5/U, 6/U, 
21/U and 212/U 
UG-23E/U RG-8/U, 9/U, 
NWG~160D7U 213/U and 214/U 
RG-—55/U and 58/U 
UG-1187/U RG-8/U, 9/U, 


213/U and 214/U 
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Figure 4-26. N Connectors with Captivated Contacts — Exploded View 
CAUTION sleeve clamp taper without overlaps. Trim shield with 
scissors, so that strands end at end of clamp taper. 
g. Check that exposed dielectric is .045 inch beyond 
shield. 
h. Tin center conductor as shown in figure 4—10. 
c. Disassemble nut, gasket and sleeve clamp from i. Tininside of contact(male or female) as shown in 


Do not nick center conductor. 


plug or jack body. See figure 4-25. 

d. Taper shield toward center conductor and wrap a 
piece of thin pressure tape, wide enough to cover the 
combed-out shield (one layer is sufficient) around the 
shielding, forming a cone with the narrow end toward 
the conductor. 

e. Slide nut and gasket in that order over taped shield- 
ing onto jacket. Make sure that grooved side of gasket 
faces away from the nut. Slide clamp over shield until 
inside shoulder of clamp butts flush against cut end of 
jacket. 

f. Remove tape, and fold shield strands back over 


figure 4-11. 

j- Slip contact over centerconductor so that contact 
butts flush against dielectric. Solder, using a clean, 
well tinned soldering iron; contact must still be flush 
against dielectric after solder has cooled; if it is not, 
remake the joint. See figure 4-12. 


CAUTION 
Be sure that correct contact is used; a male 


contact always goes into a plug body, and a 
female contact always goes into a jack body. 
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Figure 4-27. Attaching Improved N Connectors 
to Coaxial Cable. 


k. Push cable assembly into connector body as far 
as it will go. Slide gasket into connector body. Be 
sure knife edge of sleeve clamp seats into groove of 
gasket. Then slide nut into connector body and fasten 
body in vise. See figure 4-13. Stare nut by hand, tigh- 
ten with end wrench until moderately tight. Gasket 
should be cut in half during tightening. 


4—44. ATTACHING N CONNECTORS WITH CAPTI- 
VATED CONTACTS TO COAXIAL CABLE. When at- 
taching captivated-contact N connectors to coaxial ca- 
ble (see figure 4—28) follow this procedure: 


Note 


While attaching connector, observe all general 
precautions and procedures listed in 4~9 
through 4—25. 


a. Remove 23/64 inch of outer jacket, exposing 
shield. See figure 4-8. 


CAUTION 


Do not nick shield. 
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Figure 4—28. Attaching N Connectors with 
Captivated Contacts to Coaxial Cable 


b. Comb out shield, and cut off cable dielectric 1/8 
inch from end of jacket. 


CAUTION 


Do not nick center conductor. 


c. Disassemble nut, gasket, clamp, washer and in- 
sulator (s) from plug or jack body. 

d. Taper shield toward center conductor, and wrap 
with tape as described in 4—43, Slide nut and gasket 
in that order, over tapered shield onto jacket. Make 
sure grooved side of gasket faces 4way from nut. Then 
slide clamp over tapered shield and push back against 
cable jacket. 

e. Remove tape, and fold shield strands back over 
clamp taper without overlaps. Trim shield with scissors 
so that strands end at end of clamp taper. 

f. Check that exposed dielectric is .045 inch beyond 
shield, 

ge Tin center conductor as shown in figure 4—10, 
using minimum amount of heat. 

h. Slide on washer, rear insulator and contact, so 
that the counterbored end of the rear insulator butts 
flush against the dielectric, and the contact shoulder 
butts flush against the rear insulator. Solder the con- 
tact to center conductor. (See figure 4—12), 


CAUTION 


Make sure that the correct contact is used; a 
male contact always goes into a plug body 
and a female contact always goes into a jack 


body. 


I. Slide front insulator over contact; make sure the 
counterbored end of the insulator is toward the mating 
end of the contact. 

j. Pushthe cable assembly into the connector body. 
Make sure that the sharp edge of the clamp seats pro- 
perly in che gasket. Tighten the nut, holding the body 
Stationary, (see figure 4—13). 


4-45. PULSE SERIES CONNECTORS. 


4-46, PULSE CONNECTOR TYPES. There are two 
versions of pulse connectors. These versions differ 
in the material of the inserts, and in the method of at- 
taching the coaxial cable to the connector body. See 
figure 4-5 for typical examples of pulse connectors. 
Table 4-6 lists the more common connectors in the 
pulse series and shows the coaxial cables associated 
with each, 
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a. Ceramic Insert Version (See figure 4—29) - con- 
sists of aplug or jack body assembled to coaxial cable 
with nut, cable clamp, washer and corona shield. Plug 
UG-174/U is typical of this version. 

b. Rubber Insert Version (See figure 4—30)- consists 
of a plug or jack body assembled to coaxial cable with 
clamp, washer, gasket, sleeve and ferrule. Plug UG- 
180 A/U and Jack UG-182A/U are typical of this version. 


4—47. ATTACHING CERAMIC INSERT PULSE CON- 
NECTORS TO COAXIAL CABLE. 


Note 


The following procedure is for assembling 
UC-174/U_ plug to RG-28/U cable, and UG- 
34/U plug to RG-25/Ucable. The two assem- 
blies differ in dimensions as indicated inthe 
procedure steps. Both cables have a double 
shield. 


When attach ing ceramic insert pulse connectors to coax 
ial cable (see figure 4—31) follow this procedure: 


Note 


While attaching connector, observe all gene- 
ral precautions and procedures listed in 4-9 
through 4-25. 


a. Disassemble nut, cable clamp, washer and corona 
shield from plug or jack body. See figure 4—29. 

b. Slide nut and cable clamp in that order onto cable 
jacket. Remove 3-5/8 inches of outer jacket of RG-28/U 
cable and 2-3/4 inches of RG-25/U cable exposing first 
shield, (see note at beginning of paragraph). See fig- 
ure 4-8, 


CAUTION 
Do not nick shield. 


c. Remove first shieldto 5/16 inch from cut edge of 
outer jacket exposing insulating tape. 

d. Comb out shield and bend at right angles, as 
shown. Remove insulating tape even with cut edge of 
outer jacket, exposing second shield. 


TABLE 4-6 
Pulse Series Connectors with Associated Cables 


Plug Jack 


Ceramic Insert: 


UG-34/U 
UG-174/U 


Rubber Insert: 


UG-182A/U 
UG-1086/U 


UG-180A/U 


Panel Jack For Use With 
Cable Types 
RG-25/U 
RG-28/U 
UG-181A/U RG-25/U, 64/U, 77/U, 


78/U and 88/U 
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Figure 4-30. Pulse Connector — Rubber Insert 





Figure 4—29. Pulse Connector — Ceramic Insert 
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STEP b 


3-5/8°* RG28/U 
2-3/4°* RG25/U 


INSULATING TAPE 


STEP c 





COMBED OUT FIRST SHIELD 









STEP d — (| ER SECOND SHIELD 
: TRIM 1/16"° INSIDE DIAMETER OF CLAMP FLANGE 
CONDUCTING RUBBER 


3/ 16°’ RG-28/U 
1/8" RG-25/U 


STEPS e AND f INSUL ATING RUBBER 


3/8°’ RG-28/U 


3/16"" RG-25/U —w4 BRASS WASHER 


STEP g See aasers 
CORONA 
SHIELD 













3/8°’ RG-28/U 
1/4" RG-25/U 


calle SCREWS 


STEP h 


2-5/8°" RG-28/U 
1-1/16°’ RG-25/U 


= STEP i 
SOLDER CORONA SHIELD a | 
TO SECOND SHIELD AND 
TO BRASS WASHER SCRAPE PLATING 
FROM RECESS 
STEPS j AND k 





SOLDER ALL AROUND - DO NOT ALLOW 
SOLDER TO FLOW ON THREADS 


BLEEDER TUBE 


SOLDER AND FILE SMOOTH 










STEPS | AND m 


PRESSURE GUN WITH MIL-1-8660 COMPOUND 
REPLACE SET SCREWS AND STAKE IN PLACE 


Figure 4-3]. Assembly of Ceramic Insert Pulse Connector 
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CAUTION 


Do not nick shield. 


Slide cable clamp forward against fanned-out first 
shield. Trim shield strands 1/16 inch below diameter 
of cable clamp flange. 


e. Slide brass washer carefully over second shield 
against fanned-out shield. Remove second shield to 
3/16 inch from brass washer for RG-28/U cable, and 
1/8 inch for RG-25/U cable, exposing conducting rubber. 


f. Remove layer of conducting rubber to 3/8 inch from 
face of brass washer for RG-28/U cable and 3/16 inch 
for RG-25/U cable by making small slit at end of cable 
core, and removing conducting rubber with dull knife. 
Scrape insulating rubber underneath to remove any 
traces of conducting rubber. 


CAUTION 


Do not damage insulating rubber. 


g- Slide corona shield over conducting rubber and 
under second shield until straight part of cogéna shield 
enters hole in brass washer approximately 1/16 inch. 


h. Solder second shield to brass washer and to co- 
rona shield. Remove excess flux. Remove insulating 
rubber and conducting rubber underneathit to 2-5/8 ine 
ches from face of brass washer, for RG-28/U cable and 
1-1/16 inches for RG-25/U cable exposing center con- 
ductor. Taper rubber down to conductor 3/8 inch for 
RG-28/U or 1/4 inch for RG-25/U. Tin center conduc- 
tor. Remove excess flux. 


i. Scrape nickel plating from recess of plug into 
which brass washer fits. Remove set screws. 


j. Slide cable assembly into plug body, allowing 
cable clampto slide back on cable. Solder brass wash- 
er to recess in plug by flowing solder into space be- 
tween washer and groove. Remove excess flux. 


k. Slide cable clamp against washer, and nut onto 
plug body. Start nut by hand and tighten with spanner 
wrench. Hold plug with strap wrench to prevent it from 
turning. 


1, Cut off excess conductor protruding beyond con- 
tact pin. Solder conductor to contact by flowing solder 
down into hole. Leave drop of solder on end of contact 
and file smooth. Remove excess flux. 


m. Insert bleeder tube in top hole, so it is vertical. 
Insert pressure gun in lower hole and fill plug cavity 
with Military Specification MIL-I-8660 compound until 
material oozes from bleeder tube. Replace set screws 
and stake with prick punch. 


4—48. ATTACHING RUBBER INSERT PULSE CON - 
NECTORS TO COAXIAL CABLE. When attaching rub- 
ber insert pulse connectors to coaxial cable (see figure 
4-32) follow this procedure: 
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STEP d 


1-1/8" UG-180A 
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STEP e 
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REMOVE BL ACK 
CONDUCTING 
RUBBER 
DO NOT REMOVE 
IF RED RUBBER 


STEP f 


SOLDER 
PLUG BODY 


PSS) 
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STEPS g AND h 


TIGHTEN NUT SECOND 





Figure 4~32. Assembly of Rubber Insert Pulse 


Connector 
Note 


While attaching connector, observe all pgene- 
ral precautions and procedures listed in 4-9 
through 4—25. 


a. Disassemble nut, washer, gasket, sleeve and fer- 
rule from plug or jack body. See figure 4—30. 


b, Slide nut, washer, gasket, and sleeve in that order 
onto cable jacket. Remove 2-5/8 inches of oucer jacket 
exposing shield. See figure 4—8. 


CAUTION 
Do not nick shield. 


c. Cut shield(s) to 3/8 inch from cut edge of outer 
jacket, exposing cable core. 


CAUTION 


Do not nick or cut cable core. 
d. Push ferrule over cable core and under shield(s). 


e. Solder shield(s) carefully to ferrule all around 
its circumference. Be sure solder flows through to all 
shields. Ifitisnecessary to solder shields separately, 
fold back outer shield. Solder inner shield, then bring 
forward outer shield and solder separately on top of in- 
ner shield. After solderhas cooled, grasp cable in lefe 
hand, ferrule in right hand, and give several quick pulls 
to remove any slack in shicld(s). Remove excess flux. 
Remove cable core with sharp square cut, leaving 1-1/8 
inch from ferrule for connection to UG-180A/U, and one 
inch from ferrule for connection to UG-181A or 182A/U. 
Trim center conductor to 3/16 inch and tin. 


Note 


Cable RG-25A/U, 64A/U, 78/U and 88A/U 
have a thin layer of red insulating rubber over 
the cable core. Do not remove this layer. 
Cables RG-25/U and RG-64/U have a thin 
layer of black conducting rubber over the cable 
core. Remove this layer to 1/16 inch from 
ferrule very carefully with a sharp knife. 


CAUTION 


Do not nick or cut cable core. 
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f. Tin inside of contact (male or female) as shown 
in figure 4—11. Slip contact over center conductor so 
that contact butts flush against cable core. Solder, 
using a clean, well tinned soldering iron; contact must 
sull be flush against cable core after solder has cooled; 
it it is not, remake the joint. See figure 4—12. Remove 
excess flux. 


CAUTION 


Be sure that correct contact is used; a male 
contact always goes into a plug body, and a 
female contact always goes into a jack body. 


g.- Push cable core into plug or jack body as far as 
it will go. Insere sleeve and tighten as far as it will 
go against ferrule, holding body with wrench so it will 
not turn, (See figure 4—13). 


h. Insert gasket, then washer into sleeve. Install 
nut on sleeve and tighten until gasket deforms around 
cable to hold it securely. 


4-49, TNC SERIES CONNECTORS. 


4—50. TNC CONNECTOR TYPES. There is only one 
version of TNC connector, It consists of a body assem- 
bled to coaxial cable by means of a clamp nut, gasket 
and braid clamp. See figure 4-33. Table 4-7 lists the 
more common connectors in the TNC series and shows 
the coaxial cables associated with each. These con- 
nectors do not carry a military number. 


4-51. ATTACHING TNC CONNECTORS TO COAXIAL 
CABLE. When attaching TNC connectors to coaxial 
cable (see figure 4-34), follow this procedure: 


o. 
| w wo 
é 
/ MALE CONTACT 


FEMALE CONTACT 


Figure 4-33. TNC Connectors — Exploded View 
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TABLE 4-7 


TNC Series Connectors with Associated Cables 


Plug Jack 
IPC King IPC King 
pal lua 23 baelaaa baat 
79875 KA5 1-03 79600 
79525 KA5 1-02 79500 
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COMPLETED ASSEMBLY 


Figure 4-34. Attaching TNC Connectors 
to Coaxial Cable 


Note 


While attaching connector, observe all gene- 
ral precautions and procedures listed in 4-9 
through 4—25. 


a. Remove §/ 16 inch of outer jacket, exposing shield. 


See figure 4—8, 


CAUTION 
Do not nick shield. 
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KA31-02 
KA31-03 


Panel Jack Cable RG- 
IPC King 
79425 KA11-04 55/U, 58/U 
79925 KA11-03 59/U 


b. Comb out shield. Take care to prevent breaking 
shield strands, 


CAUTION 


Do not nick center conductor. 


c. Disassemble nut, grooved gasket and sleeve clamp 
from plug or jack body. See figure 4—33. 


d. Taper shield toward center conductor, and slide 
nut and grooved gasket in that order over tapered shield 
onto jacket. Ten slide sleeve clamp over tapered 
shield until inside shoulder of clamp butts flush against 
cut end of jacket. 


e. Comb shield back smoothly over clamp and trim 
with scissors even with tapered part of clamp. 


f. Trim dielectric to 1/8 inch from shield, and cut 
off center conductor to 7/64 inch from edge of dielectric. 


g. Tin center conductor as shown in figure 4—I¢ 


h. Slide contact over center conductor until contract 
butts flush against dielectric. Solder contact to center 
conductor, (See figure 4—12), 


CAUTION 


Make sure that correct contact is used; a male 
contact always goes into a plug body, anda 
female contact always goes into a jack body. 


i. Push cable assembly into connector body as far 
as it will go. Make sure gasket is properly seated, 
with sharp edge of sleeve entering gasket groove. Tight- 
en nut holding the body stationary. (See figure 4—13). 


4-52. SC CONNECTORS. SC connectors are identical 
with the C connectors except for the coupling means. 
The procedure for attaching SC connectors to coaxial 
cable is the same as for C connectors. See 4—35 and 
4-36, and figure 4-20. These connectors do not carry 
a military number. 


4—53. MINIATURE RF CONNECTORS. 


4—54. MB MINIATURE CONNECTOR SERIES. These 
are small, lightweight, bayonet type, quick connect/ 
disconnect connectors, used with small RF cables 
where peak voltage is not more than 500 volts. These 
connectors do not carry amilitary number. No soldering 
is required inthe assembly of plugs to solid center con- 
ductors, such as RGS58/U, 59/U, 62/U, 71/U and 141/U. 
All jacks require soldering. Table 4-8 lists the more 
common connectors in the MB series and shows the 
coaxial cables associated with each. These connec- 
tors consist of a plug or jack body assembled to coaxial 
cable with clamp nut, braid clamp and insulator bushing. 


(See figure 4—35) 


4-55. ATTACHING MB CONNECTORS TO COAXIAL 
CABLE. The assembly procedure differs according to 
the cable used. For assembly to cables RG58/U and 
RG141/U, the procedure is as follows: (See figure 4—36) 


RRANAAAAAS 
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a. Remove cable jacket to A dimension given in 
table 4-9. Insert clamp nut over cable jacket and braid 
clamp over braid wire. 


b. Comb out braid wire, form back over braid clamp 
and trim to length. Cut off cable dielectric to dimen- 
sion C in table 4—9, and tinexposed conductor. If sold- 
erless contact is used, omit tinning. 


c. Insert contact over conductor. The end of the 
solderless contact with the shortest slot is inserted 
over the conductor. If solder contact is used, solder 
it to the conductor, and remove excess solder from the 
outside of the contact. 


d. Insert assembly minus clamp nut into body and 
rotate slightly to make sure braid clamp is seated. 
When assembling straight plugs insert insulator over 
contact before assembly into body. Thread clamp nut 
into body and tighten nut, holding body stationary. 


WANAANRSS SSS 
Ses | Gaeee) 
AASAAASAAS ESS SES EY 
AAA 
ESSN 
BRAID INSULATOR CONTACT INSULATOR 
CL AMP BUSHING 
CL AMP NUT 
Figure 4-35, MB Connectors — Exploded View 
TABLE 4-8 
MB Series Connectors with Associated Cables 
Plug Angle Plug Jack Panel Jack 
(IPC) (IPC) (IPC) (IPC) Cable RG- 
45000 53000 46700 46300 §$8/U, 141/U 
45050 
45025 53500 46775 46325 59/U, 62/U, 
45550 
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Figure 4—36. Attaching MB Connectors 
to Coaxial Cable 
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For assembly to cables RG59/U, and 62/U the proce- 
dure is as follows: 


a. Remove cable jacket todimension A intable 4-9. 
Insert clamp nut over cable so that internal shoulder 
Seats against end of cable jacket. Insert braid clamp 
over wire. 


b. Comb out braid wires, form back over braid clamp, 
and trim to length. Cut off cable dielectric to dimen- 
sion Cin table 4-9, andtin exposed conductor. If sold- 
erless contact is used omit tinning. 


c. Insert contact over conductor. The end of the 
solderless contact with the shortest slot is inserted 
over the conductor. Insert insulator bushing over contact 
if cable RG62/U is being used. If solder contact is 
used, solder it to the conductor, and remove excess 
solder from the outside of the contact. 


d. Insert insulator over contact. Insert assembly 
minus clamp nut into body and rotate slightly to make 
sure braid clamp is seated. Thread clamp nut into body 
and tighten nut, holding body stationary. 


e. Rightangle jacksor plugs: Strip cable jacket and 
dielectric, install parts and form braid as instructed in 
steps a and b above. 


f. Tin conductor, and insert assembly into body. 


g- With cap removed, solder the conductor in slot 
of angle plug contact. 


h. Insert cap, and spot solder or spot stake. 


4-56. SUBMINIATURE RF CONNECTORS, 


4-57. SUBMINIATURE RF CONNECTORS (Amphenol 
#27 Series), These connectors are very small, light- 
weight connectors designed for use with RG-174/U min- 
iaturized coaxial cable, where peak voltage does not 
exceed 500 volts. Coupling is either of the screw thread 
type, or the push-on type. The connectors consist of 
a plug or jack body assembled to coaxial cable with 4 
sleeve and an insulator. See figure 4-37. The assem- 
bly is crimped into the body, and a vinyl boot shrunk 
on for cable strain relief. Table 4—10 lists types of #27 
series connectors commonly used in aircraft. Thes¢ 
connectors do not carry a military number. 


4-58. ATTACHING SUBMINIATURE RF CONNECTORS 
TO COAXIAL CABLE. When attaching subminiatur€ 
RF connectors to coaxial cable, follow this procedure: 
(See figure 4—38). 


a. Dilate the boot and slip it over the cable. Th 
boot will remain dilated for approximately five minute S- 


b. Trim jacket to dimension A in table 4-10. 


CAUTION 


Do not nick braid. 
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TABLE 4-9 


Stripping Dimensions for Coaxial Cable Assembled to MB Connectors 


Connector to RG- /U Stripping Dimensions 
Part (IPC) Cable A Cc 
Plugs 45000 58, 141 1/4 5/64 
45025 59, 62 7/16 5/64 
45050 58, 141 1/4 5/64 
45550 59, 62 7/16 5/64 
Jacks 46300 $8, 141 1/4 3/32 
46325 59, 62 1/2 3/32 
46700 58, 141 1/4 3/32 
46775 59, 62 1/2 3/32 
Angle 53000 58, 141 3/8 7/64 
Plugs 53500 59, 62 3/8 7/64 


SLEEVE CONTACT CONNECTOR BODY CONNECTOR BODY 
(ANGLE PLUG) 


LJ 


FEMALE MALE 
INSULATOR INSULATOR 





Figure 4-37. Subminiature RF Connector — Exploded View 
TABLE 4-10 
Stripping Dimensions and Crimping Tool Positions for Subminiature RF Connectors 


Position in 





A B Tool 27-900 
Body Type Inches Inches Figure No. 
(+ 0 —1/64) (Max) 
Straight Plug 23/64 1/16 4-39 a 
Jack, Push-on 3/8 1/16 4-39 b 
Jack, Screw-on 3/8 .082 4-39 ¢ 
Bulkhead Jack 3/8 082 4-39 ¢ 
Angle Plug 25/32 7/64 4-39d 
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Figure 4—38. Attaching Suiminiature RF 
Connectors to Coaxial Cable 
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c. Slip sleeve over braid against cable jacket. Fold 
braid back over the sleeve and comb out so it lavs even 
without overlapping. 


d. Trim diclectiac to dimension B in table 4-10. Tin 
exposed center conductor, and clean off excess solder. 


e. Straight plugs and jacks: Slip contact over center 
conductor so that it butts flush apainst cut end of dic- 
lectric. Solder contact to conductor, and remove excess 
solder from outside of contact. 


CAUTION 


Avoid overheating during soldering, so as not 
to deform diclectric. 


f. Slip cable assembly into body and trim off exe 
cess braid protruding beyond body end. Crimp the 
assembly securely (sce 4—59 for detailed crimping ins- 
tructions), and pull boot over body as shown. 


g- Angle plugs: Unscrew front part of body. Follow 
procedure of steps a through d above. Then thread 
cable through back part of body as shown and crimp. 
Thread female insulator over conductor and insert into 
body. Holding the female insulator in place in the body, 
pull the cable as far forward as possible to remove all 
slack. Trim conductor to .085 inch maximum. 


h. Slipcontact over conductor and butt contact flush 
against the female insulator. Solder contact to conduc- 
tor, and remove excess solder. 


i. Place male insulator over the contact, and screw 
the front body partinto back body and tighten with end 
wrench. 


4-59. CRIMPING PROCEDURE FOR SUBMINIATURE 
CONNECTORS, Crimp subminiature connector bodies 
as follows: 


a. Open jaws of tool 27-900 by loosening nut and 
pulling down lock screws (see figure 4-39), Place the 
connector assembly in jaws, and set optimum distance 
between jaws forcach assembly by means of the travel 
limit screw. Refer to connector placement figure 4-39 
a,b andc for straight plugs and jacks, and figure 4—39d 
for angle plugs. 

b. Lock jaws by pulling lock screws up. and tighten 
nut. 


¢. Squceze handles to crimp. 


d. Release handlcs toopen jaws, and remove crimped 
assembly. Trim off any excess braid protruding beyond 
cad of body. 


¢. Slip boot over body end. 


LOCK SCREWS 






TRAVEL LIMIT 
SCREW 


HEAD OF CRIMPING TOOL 


POSITION a 


POSITION b 


PCSITION c 


POSITION d 





Figure 4-39. Crimping Subminiature RF Connectors 
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4-60. RF CONNECTORS USED IN FUEL QUANTITY 
INDICATING SYSTEMS. Because of their transmission 
line efficiency, RF connectors are often used inaircraft 
fuel quantity indicating systems. The connectors most 
commonly used for this purpose are of two types. One 
is similar to the standard BNC connector; typical of 
these are the 163 series made by Avien, and the Liq- 
uidometer 9100 series. The second type are miniature 
RF connectors; the Nu-Line 1200 series (MIL-C-25516), 
and Liquidometer S62 and SG3 are typical. These con- 
nectors are designed to be used with coaxial cable, but 
they are also frequently used with standard shielded or 
unshielded wire; they do not carry a military number. 


4—61. ASSEMBLING BNC TYPE FUEL QUANTITY IN- 
DICATING CONNECTORS. When assembling BNC type 
RF connectors, use the following procedure: 


a. Assembly of Avien 163-088 and 163-089 @onnec- 
tours to RG-58A/U coaxial cable: See figure 4—40. 





STEP 1 








STEPS 5 AND 6 


Figure 4-40. Attaching Avien 163-088 and 
163-089 Connectors to Coaxial Cable 


1. Slide nut, washer and gasket onto cable. Strip 
outer jacket 7/16 inch, taking care not to nick the braid. 
Slide the clamp over the braid so it rests flush against 
the cut end of the jacket. 


2. Comb out braid and fold it back over the clamp, 
and trim the braid even with edge of clamp. 


3. Strip the dielectric 3/32 inch from edge of clamp. 
4, Cut exposed conductor to 7/64 inch. 
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5. Slide contact onto conductor, and check that there 
is no exposed conductor between the insulation and the 
contact solder hole. Check that the distance from the 
braid to the end of the contact is 1/2 inch as shown in 
figure 4-40. 


6. Tinthe conductor andthe solder hole, and solder 
the contact to the conductor, Remove any excess solder. 


7. Push assembly into connector body, ‘screw nut 
into body and tighten. 


b. Assembly of Avien 163-07 and 163-027 connec- 
tors to AN No. 20 unshielded wire: (See figure 4-41). 


STEPS 1 THROUGH 4 


163-07 ASSEMBLY 


STEPS 5 AND 6 


163-027 ASSEMBL Y 
STEPS 5 AND 6 





Figure 4-41. Attaching Avien 163-07 and 
163-027 Connectors to Unshielded Wire 


I. Strip wire to expose 1/4 inch of conductor, and 
tin the stripped wire, Tin inside of contact. 


2. Slide nut, washer and gasket over the wire. In- 
stall TFE clamp over the wire, so that the inside should- 
er of the clamp butts against the cut insulation. 


3, Slide contact over the wire so that it butts against 
end of the clamp. While doing this, hold the insulation 
firmly in place against the clamp shoulder, 


4, Solder the contact to the conductor, and remove 
any excess solder. 
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5. Insert the assembly into the connector body. The 
contact end should be flush with the end of the TFE 
clamp, but arecess of 1/32 inchmaximum is acceptable. 


6. Tighten nut, holding the body stationary. 


c. Assembly of Liquidometer 9100 series connec- 
torsto RG-58/U coaxial cable: (See figure 4—42). 


NUT WASHER GASKET 


STEP 2 
SLOTTED PLIERS 


STEPS 7 AND 8 
CONTACT FLUSH WITH INSULATOR 


Figure 4-42. Attaching Liquidometer 9100 
Series Connectors to Coaxial Cable 


1. Slide nut, washer and gasket over the cable; strip 
outer jacket 3/8 inch, taking care not to nick the braid. 
Slide the large eyelet over the braid so thar it butts 
against the cut end of the jacket. 


2. Comb out the braid up to the large eyelet, and 
slide the smaller eyelet over the dielectric. 


3. Clamp the braid between the two eyelets with 
special slotted pliers as shown, (see figure 4-42). Trim 
off excess braid, 


4, Cutdielectric 1/8 inch from the small eyelet, and 
cut off the exposed conductor to 1/8 inch. 


5. Tin the exposed conductor and the inside hole 
of the contact, 


6. Slide che contact onto the conductor and solder, 
Remove any excess solder, 


7. Seat contact and eyelets into connector body and 
install the gasket firmly against the eyelets. Insert 
washer firmly against the gasket. 


8. Screw nut into connector body and tighten, holding 
connector body stationary. Tighten to 30 to 35 inch 
pounds torque. 


4-62. ASSEMBLING MINIATURE RF FUEL QUANTITY 
INDICATING CONNECTORS. When assembling mini- 
ature RF connectors to wire or cable, use the follow- 
ing procedure: 


a. Assembly of Nu-Line 1200 Series coaxial con- 
nectors to coaxial cable: (See figure 4—43). 


1, Remove 1/2 inch of outer jacket, exposing shield. 


2. Slide nut, washer and gasket, in that order, ont> 
outer jacket. 


3. Screw threaded braid clamp over jacket as shown. 


4. Comb out braid, and fold braid back over braid 
clamp, without overlap. 


5. Slide braid clamp sleeve (large ID toward gasket) 
over braid, and trim off excess braid with scissors. In- 
stall O-ring as shown. 


6. Placecontact retainer firmly over dielectric, and 
strip off dielectric flush with contact retainer, exposing 
center conductor. 


7. Cutoff center conductor .08 inch from cut end of 
dielectric. 


8. Slide contact, male or female, over center con- 
ductor, so that contact butts flush against dielectric. 


9. Solder contact to center conductor; contact must 
still be flush against dielectric after soldering. 


10. Slide cable assembly into connector body as far 
as it will go. Torque nut to approximately five inch 
pounds, 


b. Assembly of Liquidometer SG2 and SG3 series 
connectors to RG-58/U coaxial cable (See figure 4—44). 

1. Slide nut and bushing back over cable. Cut outer 
jacket to ‘'A’’ dimension intable 4—11, being careful 
not to nick braid. 
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Figure 4-43. Attaching Nu-Line 1200 Series 
Connectors to Coaxial Cable 


TABLE 4-11 


Stripping Dimensions for Coaxial Cable 
Assembled to Liquidometer $62 and $63 


Series Connectors 


Connector Stripping 
(Liquidometer Number) Dimension A 
S62-1 and -4 11/32 inch 
S62-2 and -3 5/16 inch 
S63-1 and -4 5/16 inch 
S63-2 and -3 5/32 inch 
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2. Place the two halves of the cable clamp over the 
cable, lining up front (large) end of clamp with cut end 
of outer jacket. Slide bushing over tapered endof clamp. 
Compress bushing over cable clamp with special pliers 
as far as it will go. 


Note 


Special pliers No. TJ F-107 are available from 
connector manufacturer. 


3. Comb braid back overclamp and trim braid around 
edge of clamp. 


Note 


Omitnext step (4) when using connectors S62-4 


and S63-4. 


4, Slide washer, gasket and second washer over 
dielectric and push up to cable clamp. Cut off dielec- 
tric to expose 5/32 inchof conductor, and tin conductor. 


5. Slide contact over conductor and solder. Remove 
any excess solder. 


6. Slide assembly into plug or jack body until contact 
shoulder seats on insulator. Screw clamp nut into body, 
uSing a torque of 15 inch pounds. 


STEPS 3 AND 4 GASKET 





Figure 4-44. Attaching Liquidometer S—62 
and $—63 Connectors to Coaxial Cable 
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SECTION V 
SOLDERLESS TERMINATIONS AND SPLICES 


5-1. INTRODUCTION. 


5-2. GENERAL. Electric wires are terminated with 
solderless terminal lugs to permit easy and efficient 
connection to and disconnection from terminal boards, 
busbars, and other electrical equipment. Solderless 
splices joinelectric wires to form permanent continuous 
runs, 


5-3, SCOPE. This section describes recommended 
methods for terminating copper and aluminum wires, 
using solderless terminal lugs. It also describes re- 
commended methods for permanently joining (splicing) 
wires, using solderless splices. (Termination of ther- 
mocouple wires is covered in section VII). 


5-4. REFERENCE SPECIFICATIONS, DRAWINGS 
AND DOCUMENTS. 


MIL-1-631 Insulation, Electrical, Synthetic-Resin 
Composition, Non-Rigid 

MIL-W-5088 Wiring, Aircraft, Installation of 

MIL-T-7099 Terminals, - Lug and Splice, Crimp 
Style Aluminum, for Aluminum Aircraft 
Cable 

MIL le 74-444 Insulation Sleeving, Electrical, Flex- 
ible 

MIL-T-79 28 Terminals, Lug and Splice, Crimp 
Style, Copper 

MIL-1-23053 Insulation Sleeving, Electrical, Flex- 
ible, Heat Shrinkable 

MS20659 Terminals, Lug, Crimp Style, Copper 
Uninsulated, Class | 

MS23002 Dies, MS25441 Crimping Tool, for use 
with MS25036, Size 8 through 4/0 Ter- 
minals 

MS23003 Gages for MS23002 Crimping Dies 

MS25036 Terminal, Lug, Crimp Style, Copper 
Insulated, Class I 

MS25037 Crimping Tool, Hand, for Copper In- 
sulaced Terminal 

MS25181 Splice, Electric, Permanent, Crimp 
Style, Copper, Insulated, Class | 

MS 25 189 Terminal, Lug, Flag Type, Crimp Style, 


Copper 


MS253.40 Gapes, for MS25037 Crimping Tool, 
Electric Terminal 

MS25435 Terminal-l.up, Crimp Style, Stratghe 
Type for Aluminum Aircraft Wire 

MS25436 Terminal-Lug, Crimp Sevle, 90 Deg. 
Upright Type, for Aluminum Aircraft 
Wire 

MS 25437 ‘Lerminal-Luy, Crimp Style, Lefe Angle 
Type, for Aluminum Aircraft Wire 

MS25-438 Terminal-Lug, Crimp) Style, Right 
Angle Type, for Aluminum Aircraft Wire 

MS25439 Splice, Permanent, Crimp Style, 2-Way 
Type, for Aluminum Aircraft Wire 

MS25-441 Tool, Crimping, Electric, Hydraulic, 


For Wire Terminals Sizes 8 thru 4/0 


MS25-4-42 Dics, for MN25441 Electric, Hydraulic 


Crimping Tool 


MS25472 Gages, for MS25442 Crimping Dies 


MS25.194 Lool, Manual, Hydraulic, for Crimping 


L:lectrtc Wire Terminals 


AN 3427 Crimping Tool, Electric Cable Termi- 


nal, Hand 


AND 10 160 Indentors and Nests - Copper Electric 


Terminal, Power Operated Press 
Niccraft Electrical Aluminum Wire and 
Terminals, Installation Practices for 


EMIB 1-41-55 


§-5. DESCRIPTION, Solderless terminal lugs and 
splices are copper or aluminum, and are pre-insulated 
or uninsulated depending on the application. Terminal 
lugs and splices for high temperature applications are 
silver-or nickel-plated copper, and are insulated with 
TFE or a similar material. 


Note 


Use copper terminations only on copper wire. 
Use aluminum terminations only on aluminum 
wire, 


Terminal lugs are available in four styles: straighs 90 
depree upright, angle and flag, for use under different 
space conditions. Figure 5—1 shows typical terminal 
lugs and splices. Terminal lugs and splices are crimp- 
ed to wires by means of hand or power crimping tools. 
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BURNDY THOMAS & BETTS 


a PRE-INSULATED COPPER TERMINAL LUGS MS$25036 





INSPECTION PLUG 
MS25435 MS25021 (OBSOL ESCENT) MS25439 





b. ALUMINUM TERMINAL LUGS c. ALUMINUM SPLICE 





PRE-INSUL ATED (MS25 181) UNINSUL ATED 


d. FLAG TYPE COPPER TERMINAL LUG e. COPPER SPLICES 


Figure 5~1. Solderless Terminal Lugs and Splices 
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Power tools are portable or stationary (bench-mounted). 
Typical crimping tools are illustrated where they are 
mentioned in the procedures. Solderless terminal lugs 
and splices most commonly used are made by AMP, 
Bvendy and T & B (Thomas and Betts); this section is 
therefore limited to these items. 


5-6. Terminal lugs and splices, and the tools used to 
install chem on wires, are divided into two classes, as 
follows: 


Class 1 lugs and spl.ces are those which meet all 
che requirements of the applicable Military Specification 
and Standard when installed with the specified crimp- 
ing tools. Class 1 tools are those which meet all che 
requirements of the applicable Military Specification 
and Standard. 

Class 1 tools are che only crimping tools supplied 
for military maintenance use. 

Class 2 lugs and splices are those which are replace- 
able by Class 1 terminals, and which meet the perfor- 
mance requirements of the applicable Military Specifi- 
cation when installed with a tool recommended by the 
terminal manufacturer. Class 2 tools are those which 
will crimp terminals to meet the performance require- 
ments of the applicable Military Specification. 


Note 


Class I tools, splices and lugs shall be used 
in all cases where so designated. 


5~J. TERMINATING SMALL COPPER WIRES (SIZES 
No. 26 THROUGH No. 10). 


5-8. PRE-INSULATED TERMINAL LUGS. Small cop- 
per wires, (sizes No. 26 through No. 10) are terminated 
with solderless pre-insulated straight copper terminal 
lugs conforming to Military Specification MIL-T-7928 
and Military Scandard Drawing MS 25036. As shown in 
figure 5—2, the insulation is part of the terminal lug and 
extends beyond its barrel, so that it will cover a por- 
tion of che wire insulation; this makes the use of an 
insylation sleeve unnecessary. In addition, pre-insu- 
lated terminal lugs have an insulation-grip (a metal re- 
inforcing sleeve) beneath the insulation, for extra grip- 
ping strength on the wire insulation. 


5-9. Pre-insulatedterminals accommodate more chan 
one size of wire; the insulation is color-coded, as shown 
in table 5—1, to identify the wire sizes that can be ter- 
minated with each of the terminal lug sizes. 


5-10. CRIMPING TOOLS. Hand, portable power and 
stationary power tools are available for crimping ter- 
minal lugs. These tools crimp the barrel to the conduc- 
tor, and simultaneously crimp the insulation grip to the 
wire insulation. Use the standard (Class 1) tool MS 
25037 to crimp the standard (Class 1) copper terminal 
lugs MS25036. Use the crimping tools of each manu- 
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facturer for the non-standard (Class 2) terminal lugs of 
the same manufac.urer. Crimping tools most commonly 
used are listed in table 5—2. 


TABLE 5-1 


Color Coding of Copper Terminal Lug Insulation 


Color of Terminal To Be Used On 
Lug Insulation Wire Sizes 
Yellow #26 - #24 
Red #22 - #20, #18 
Blue #16 - #14 
Yellow #12 - #10 


INSUL ATION GRIP BARREL TONGUE 


STRIPPED 
INSUL ATION WIRE 


WIRE COLOR-CODED 


INSUL ATION 


Figure 5—2. Pre-Insulated Terminal Lug-Cut-Away 


5—11.. HAND TOOL DESCRIPTION. MS25037 hand 
crimping tool hasa self-locking ratchet which prevents 
the tool from opening until crimp is complete. This 
mechanism must never be disassembled since it insures 
proper crimping pressure. This tool has nests identi- 
fied by color-coded arrows. (See figure 5—3). 


5~—12. HAND TOOL INSPECTION. The standard tool 
MS 25037 is checked by means of a gage for proper ad- 
justment of crimping jaws. For good crimping results, 
this is done before each series of crimping operations. 
Return hand tools which are out of tolerance for repair. 
Check tools as follows: 


(MS25340 gage is used to check this tool.) 


1, Place the lower stop bar of MS25340-1 inthe yel- 
low nest and gage the red-blue upper nest with 
MS25340-3 ‘‘GO-No GO”’ gage. 

2. Place the upper stop bar of MS25340-1 in the red- 
blue nest and gage the yellow lower nest with 
MS25 340-2 ‘“GO-No GO”’ gage. 


Change 2 127 
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Wire Size Range 
and Color Code 


1. MS25036: 

+26 — #24, Yellow 
#22 — #18, Red 
#16 - # 14, Blue 


#12 - #10, Yellow 


2. AMP: 


#26 — #24, Yellow 
#22 — #18, Red 
#16 — #14, Blue 


#1. — #10, Yellow 


3.. BURNDY: 


#26 — #24, Yellow 


#22 — #18, Red 


#16 — #14, Blue 


#12 — #10, Yellow \ 


4. T & B: 

#26 — #24, Yellow 
#22 — #18, Red 
#16 — #14, Blue 


#12 — #10, Yellow 


SN 


| 


| 


( 
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TABLE 5~2 
Cepper Terminal Lugs (Small) ond Crimping Tools 


Hand Tool Insert Name Tool Insert Name 
act Number == and Number = _Number = _and Number _ 
Standard -<--- -=--- se ali See 
Tool 
MS25037 
aes es 69005 Head 47469 69011 Die 45155 
69100 Head 46224 
Ss ea ads 69005 Head 47516 69011 Die 47498 
69 100 Head 47806 
ba els es 69005 Head 47517 69011 Die 47499 
69100 Head 47807 
a eset 69010 Head 47518 69012 Die 47500 
69100 Head 47808 
Sere ee M8ND } Die Set Y1LONCP Die Set 
Y8ND N22HET-1 R22HET-2 
ti i ee Ss M8ND Die Set Y1LONCP Die Set 
Y8ND NLOET-9 R1OET-3 
21728 
i Ss “a a J Sc i de al eae & lai ~ ‘i? ‘gb, a 
21729 


Portable Power Tools 


Stationary Power Tools 


UPPER NEST 


LOWER NEST 


INSTRUCTION 
PLATE 


‘STVNINUIL 


ZH1-91, 30719 RRA 
> 


rBev7, 93% 


CZ Deer ona 
e 1SaN U3addl 


Odsv WISN OF64 411 Yor 


=: 
1: 
38 
z) 
3 
©: 
a 
.. 
fo:. 
ww. 
° 
& 
~j 
= 





Figure 5~3. Tool MS25037 Hand Crimping — 
PreeInsulated Copper Terminal Lugs 


5-13. POWER TOOLS. Power crimping tools operate 
on air pressure. Power trigger must be depressed until 
crimp is complete. As indicated in table 5—2 power 
tools use specific inserts, called ‘‘Heads”’, ‘‘Dies”’ 
or ‘Die Sets’’ for each terminal lug size. Use correct 
insert for each terminal lug being crimped. See figure 
5-4 and table 5-2 for details. 
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WARNING 


ALWAYS disconnect power tool from its air 
pressure source, BEFORE installing or remov- 
ing insert. 


5-14. POWER TOOL INSPECTION AND ADJUST- 
MENT. AMP, Burndy and T & B power tools are checked 
by means of pages for proper adjustment. For good crimp- 
ing results, this is done before each series of crimping 
operations. When the tool is adjustable, make proper 
correction; otherwise, return tool to manufacturer for 
repair. Check tools as follows: 


a. AMP power tools are checked with the tool fully 
bottomed. The gap between the barrel crimping jaws 
and the gap betweenthe insulation crimping jaws shall 
meet the requirements of table 5—3. Note that the ‘'GO’’ 
gages shall be able toenterthe jaws and the ''No GO” 
gages shall nor be able co enter. AMP power tools are 
not adjustable in the field. 


b. Check Burndy tool Y1ONCP, with die ser RIOET-3 
closed. The gap in the 22-18 (red) nest shall accept 
an .087 diameter rod and shall not accept a .105 dia- 
meter rod. Replace dies that are out of tolerance. 


c. Check Burndytool Y8ND, with die set sNIOET-9 
fully abosed. The gap in the 12-10 (yellow) nest shall 
accept a .140 diameter rod and shall not accept a .146 
diameter rod. Replace dies that are out of tolerance. 


d. T & Bpower tool No. 21728 is checked by closing 
the die over aNo. 38 (.101) drillinserted in the smaller 
nest (for Red and Blue terminal lugs). The crimp ad- 
j ustment screw is thentightened until the drill cannot 
be removed. Checking is required each time the insert 
is replaced. 


5-15. CRIMPING PROCEDURE FOR MS25037 STAND- 
ARD HAND TOOL. Hand crimp pre-insulated copper 
terminal lugs in the No. 26-No. 10 wire size range with 
MS25037 standard hand tool as follows: 


a. Strip wire insulation (lengths are given in table 
5—4). Use one of recommended scipping procedures in 
section Il, paragraphs 2—39 through 2-45. 


b. Check tool for correct adjustment in accordance 
with 5—12. Tools out of adjustment must be returned to 
manufacturer for repairs. 


c. Insert terminal lug, tongue first, into hand tool 
barrel crimping jaws, uncil terminal lug barrel butts flush 
against tool stop. See figure 5—5 for correct insertion 
method. 


d. Squeeze tool handles slowly until tool jaws hold 
terminal lug barrel firmly in place, but without denting it. 


e. Insert stripped wire into terminal lug barrel until 
wire insulation butts flush against end of barrel. 


f. Squeeze tool handles until ratchet releases. 


g. Remove completed assembly and examine it for 
proper crimp, in accordance with 5—73. 
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REMOVABLE CRIMPING HEAD 
REMOVABLE DIE SET 





NESTS 
NO. 12-10 


NO. 16-14 
NO. 22-18 





CRIMP ADJUSTMENT 





¢. BURNDY STATIONARY TOOL YIONCP d. THOMAS & BETTS STATIONARY TOOL 27129 
Figure 5-4. Tools — Power Crimping — Pre-Insulated Copper Terminal Lugs 
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TABLE 5-3 


Gaging Dimensions for AMP Tools 





Gaging Dimension (Inches) 


Tool Wire *For Insulation 
Size Range Tool For Barrel Crimping Jaws Crimping Jaws 
GO NO GO GO NO GO 
22 - 16 47386 .098 104 .030 .090 
59250 . 109 0115 
16 - 14 47387 . 108 114 .040 .100 
59250 0115 0125 
12 - 10 59239 139 145 .064 139 


*When tools have adjustment pins (sce 5—16) GO gaging is done with pins in Position No. 1; and NO GO 
gaging with pins in Position No. 3. 


5-16, CRIMPING PROCEDURE FOR AMP POWER 
TOOLS. Power-crimp AMP pre-insulated copper ter- 
MS$25037 minal lugs with AMP power tools as follows: 


a. Select, fromtable 5—2, power tool and the correct 
insert for the terminal lug size being crimped. 


b. Install] insert in tool. 


c. Check tool for proper adjustment in accordance 
with 5-14, 


d. Check that removable stop plate is present on 
insert. When using tools No. 69005 and 69010 set in- 
sulation adjustment pins as follows: 


LOCATOR 1, Place both adjustment pins in the #3 position. 


2. Place terminal in the tool crimping jaws and in- 
sert the unstripped wire into the terminal insulation 
grip only. Crimp the terminal. 


3. Hold terminal firmly and bend the wire back and 
forth once. The terminal insulation grip should hold 


the wire. 
TERMINAL TONGUE 4, If wire pulls out, set adjustment pins in the #2 
FLAT ON LOCATOR position. Repeat test until insulation grip holds the 
TERMINAL BARREL BUTTS wire firmly. 


AGAINST LOCATOR 


e. Strip wire insulation, using recommended strip- 
ping practices describedin section II, paragraphs 2—39 
through 2—46; stripping lengths are given in table 5—4, 





f. Insert stripped wire into terminal lug barrel until 


Figure 5-5. Inserting Terminal Lug into Hand Tool wire insulation butts flush against end of barrel. 


TABLE 5~4 ge Insert wire and terminal lug assembly in tool, 
until terminal lug barrel butts flush against tool stop. 
Wire Stripping Lengths for Small Copper (When tool has no stop, center terminal lug barrel under 
Terminal Lugs indentor. ) 
Wire Size Seipsinadeasth h. Squeeze tool trigger, or actuate foot treadle. 
(in inches) i. Remove completed assembly and examine it for 
a ee proper crimp in accordance with 5—73. 
#26 & #24 5/32 5~17. CRIMPING PROCEDURE FOR BURNDY POWER 
#22 through #14 3/16 TOOLS. Power-crimp Burndy pre-insulated copper ter- 
#12 & #10 9/32 minal lugs with Burndy power tools as follows: 
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a. Strip wire insulation, using recommended strip- 
ping practices described in section II, paragraphs 2—39 
through 2—46. Stripping lengths are given in table 5—4. 


b. Select from table 5—2 power tool that fits crimp- 
ing conditions best, and the correct die set. 


c. When using tool No. YIONCP, check that remov- 
able stop-plate is present on die. 


WARNING 


ALWAYS disconnect power tool from its pres- 
sure source, BEFORE installing or removing 
dies. 


d. Install insert in tool. 


e. Insert stripped wire into terminal lug barrel until 
wire insulation butts flush against end of barrel. 


f. Insere wire and terminal lug assembly intool, un- 
til terminal lug barrel butts flush against tool stop. 
(When tool has no stop, center terminal lug barrel under 
indentor, ) 


g. Squeeze tool trigger, or actuate foot treadle. 


h. Remove completed assembly and examine it for 
proper crimp in accordance with 5--73. 


5-18. CRIMPING PROCEDURE FOR T & B POWER 
TOOLS. Powerecrimp T & B pre-insulated copper ter- 
minal lugs with T & B power tools, as follows: 


a. Strip wire insulation, using recommended strips 
ping practices described in section II, paragraphs 2-39 
through 2—46; stripping lengths are given in table 5S—4. 


b. Select from table 5-2 the power tool that fits 
crimping condition best. T & B power tools listed in- 
clude dies for wire sizes No. 22 - No. 10. 


WARNING 


ALWAYS disconnect power tool from its pres- 
sure source, BEFORE installing or removing 
dies. 


c. Check power tools for proper adjustment in accord- 
ance with 5—14, 


d. Insert stripped wire into terminal lug barrel unul 
wire insulation butts flush against end of barrel. 


e. Insert wire and terminal lug assembly in tool, 
until terminal lug barrel butts flush against tool stop. 
(When tool has no stop,center terminal lug barrel under 
indentor. ) 


f. Squeeze tool trigger, or actuate foot treadle. 


g. Remove completed assembly and examine it for 
proper crimp in accordance with 5—73. 
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5-19. TERMINATING LARGE COPPER WIRES (SIZES 
NO. 8 THROUGH NO. 4/0). 


5-20. TERMINAL LUGS. Copper terminal lugs of all 
three styles, straight, angle and flag, are used to ter- 
minate copper wires of sizes No. 8 through No. 4/0. 
The style to be used depends on existing space cor 
ditions. As indicated intable 5—5, these terminal lugs 
are available uninsulated in all tvpes, and preinsulated 
in the straight and angle types, though not necessarily 
in all wire sizes, or from all manufacturers. Straight 
pre-insulated terminal lugs conform to Military Specifi- 
cation MIL-T-7928 and Standard Drawing MS25036. As 
shown in figure 5—2, pre-insulated terminal lugs have 
the insulation extending beyond the barrel, so that it 
will cover a portion of the wire insulation. This makes 
the use of a separate insulating sleeve unnecessary, 
Straight uninsulated terminal lugs conform to Military 
Specification MIL-T-7928 and Standard Drawing MS- 
20659. 


5-21. INSULATING SLEEVES. Uninsulated straight 
and right-angle type terminal lugs are insulated, after 
assembly to wire, by heateshrinkable tubing (see sece 
tion XI, paragraph 11—22) or by lengths of transparent 
tubing, called sleeves. These methods of insulation 
provide electrical and mechanical protection at the cone 
nection. When the size of sleeving used is such that 
ic will fie tightly over the terminal lug, the sleeving 
need not be cicd; otherwise, it is tied with lacing cord. 
(See figure 5—G). Tight fitting sleeves are expanded in 
methyl-ethyl-ketone solvent before installation. When 
the solvent evaporates, the sleeve will shrink tightly 
over the terminal lug. 


WARNING 


Methyl-ethyl-ketone is highly inflammable. 


1’ APPROX, 


O (PEI 


TIGHT OR SHRUNK SLEEVE 


LACING TWINE 


LOOSE SLEEVE 


Fioure 5—6. Insulating Sleeves 
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TABLE 5-5 
Copper Termina: Lugs (Large) and Crimping Tools 


Terminal Lugs Hand 


1. Straight, Pre-insulated 


MS25036 Se eS 


2. Straight, Uninsulated 


b. Burndy 
c T&B Se fae, ee 


AN3-427(8--4. 0) 


3. Right-angle, Pre-insulated 
a. AMP onan eats 
b. Burndy MY 28-0(8-2 0) 


4. Right-angle, Uninsulated 


a Burndy MY 28 
b Fah W115 (8--4) 


W127 (224/70) 


5. Llap, Uninsulated 


ae MS25 189 
b, Burndy 
ce T& B 


AN} 427 


e 


Crimping Tools and Size Range 


Portable Power Stationary Power 


MIS25.49-4, with 

MS2S.441-1 head, 

MSN25.441-3 hose & 

MS23002 dies 
(8-4. 0) 


MS25441, with 
MS23002 dies 
(8-4/0) 


Y¥29B (8-4. 0) 
13586, with head 
13642M (8-4 °0) 


Y29ONSC (8-2 0) 

13581, with head 136.42M 
(8-4 ©) 

21073 (8-4 0) 


6906] (8-2)* 69068 (8-2)* 
(8-4, 0)** 


Y 29B (8-2. 0) Y29BUC (8-2 “0) 


Y29B (8-2. 0) 


21073 (8-4/0) 


Y29B (8-2. 0) 
13586, with head 
1360.52M (8-4/0) 


Y 29NSC (8-1/0) 
13581, with head 
13642M (8-4/0) 


Using Head No. 69051 with proper dies for each wire size 


** Using Head No, 69066 with proper dies for each wire size 


5-22. CRIMPING TOOLS. Hand, portable power and 
Stationary power tools are available for crimping large 
copper terminal lugs. The crimping tools used on the 
pre-insulated terminal lugs crimp the barrel to the con- 
ductor, and simultaneously crimp the terminal lug in- 
sularion to the wire insulation. For best results Class 
I tools (those designated as either AN or MS tools) 
should be used. If Class II tools must be used, the 
crimping tools of each manufacturer should be used for 
the terminal lugs of the same manufacturer. The crimp- 
ing tools most commonly used are listed in this manner 
in table 5—5. The numbers inparentheses after the tool 
numbers indicate the range of terminal lug sizes the 
tool can crimp; do not use any tools for larger terminal 
lug sizes than listed as this will result in a poor con- 
nection. 


Note 


U'se power tools forlarge terminal lugs when- 
ever possible. 


5-23. HAND TOOLS. Hand crimping tools are avail- 
able for MS20659, Burndy and T & B large copper un- 
insulated terminal lugs. These tools are illustrated in 
figure 5-7. The AN3427 and the Burndy hand tools, 
No. MY28 and MY 28-6, each have a single nest and in- 
dentor; the nest is adjustable by means of a screw to 
the proper position for each terminal lug size. Nore 
the shape of the indentor in figure 5—7a. It is used for 
crimping copper terminal lugs; do not confuse it with 
the indentor used for aluminum terminals as shown in 
figure 5-13. T & B tool No. WT 115 has a single in- 


133 


Section V 
Paragraphs 5-24 to 5-28 


dentor and a nest wheel containing a specific nest for 
each terminal lug size; the nest is identified by means 
of letters, which correspong to terminal lug sizes, as 
listed on the tool itself. T & B tool No. WT 127 re 
quires a different nest for each terminal lug size to be 
crimped; these nests are listed in table 5—6. 


TABLE 5-6 
Nests tor T & B Hand Tool WT 127 





Terminal For Use on Uninsulated Lugs 
Lug Size Nest Number Letter 
2 21651 G 
l 21652 H 
1/0 21653 J 
2/0 21654 K 
3/0 21655 L 
4/0 21656 M 


5-24. HAND TOOL ADJ USTMENT. The Military Stand- 
ard hand tool AN3427 has two positioning plates as 
shuwn 1n figure 5—7a. One plate is for installing one- 
piece terminal lugs and the other is for installing two 
piece and flag type terminal lugs. Adjust the position 
of each plate as follows: 


a. Adjust one-piece terminal position plate to in- 
dicator guide line of No. 8 and No. 6 when an .090 dia- 
meter pin is juse held by indentor and nest. 


b. Adjust two-piece and flag type terminal position 
plate to indicator guide line of No. 8 and No. 6when 2 
-120 diameter pin is just held by indentor and nest. 


5-25. The Burndy hand tool MY-28 is similar to Stand- 
ard Tool AN 3427 and is adjusted the same way. 


5—26. Thomas & Betts hand tool WT 115 is not adjust- 
able and must be returned to the manufacturer if the 
following check reveals any defects. 


a. NestDshouldaccept a 5/32 inch (.156) diameter 
pin when tool is fully closed. 


b. Nest D should not accept a .166 diameter pin 
when tool is fully closed. 


5-27. POWER TOOLS. Power crimping tools operate 
on either hydraulic power or air pressure. The Military 
Stanaard power tools MS25441 and MS25494, all AMP 
tools, and T & B tools No. 13586 and 13581 are hydrau- 
lically powered. All Burndy tools, and T & Btools other 
than those previously noted operate on air pressure. 
See figure 5—8 for illustrations of power tools. 


5-28. Dies for the Class I Military Scandard tools 
MS25441 and MS25494 are listed in table 5—7. Each 
terminal lug size requires a special die. 
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CRIMP ADJUSTMENT 


MOVABLE 
GUIDE LINE NEST 


INDENTOR 
(COPPER) 


MARKED PLATE 


ONE PIECE TERMINAL 
BB SRESS S$ 


AIRCRAFT CABLE 
FLAG TYPE ANDO 
TWO PIECE TERMINAL 
€ 3 2995 39 





@ STANDARD TOOL AN3427 


INDENTOR 


NEST WHEEL 


b. THOMAS & BETTS TOOL WT115 





Figure 5~7. Tools — Hand Crimping Large 
Copper Terminal Lugs 
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MS 2544 1-4 
ELECTRIC-HYDRAULIC PUMP 


f 
i 


ff DIE BOX 


y 
uy MS25441~1 
AZ HEAD 
MS25441—2 
CONTROL HANDLE 
a= 
gen Y MS25441-3 
HYDRAULIC 
HOSE & 


CONTROL 
CABLE 


b. MS25494 HYDRAULIC PORTABLE 


REMOVABLE 
NEST 


INDENTOR 


INDENTOR 


NEST WHEEL 


c. AMP PORTABLE 69061 
WITH HEAD NO. 69051 





d. BURNDY PORTABLE Y29B e. THOMAS & BETTS STATIONARY 21073 
Figure 5-8. Tools ~ Power Crimping — Large Coppe: Terminal Lugs 
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Paragraphs 5—29 to 5—32 


TABLE 5-7 


Dies and Gages for Military Standard Power Tools 
MS$25441 and MS25494 


Terminal MS Die Part Number MS Gage 
LugSize (with Head MS25441-1) Part No. 
8 MS23002 — 8 MS23003 — 8 
6 MS23002 — 6 MS23003 — 6 
4 MS23002 — 4 MS23003 — 4 
2 MS23002 — 2 MS23003 — 2 
] MS23002 -— 1 MS23003 — 1 
1/0 MS23002 — 01 MS23003 — O1 
2/0 MS23002 ~ 02 MS23003 — 02 
3/0 MS23002 — 03 MS23003 — 03 
4/0 MS23002 — 0-4 MS23003 — 04 


S 
S-—29,. AMP power tool dies are listed in table 5-8. 
Each terminal lug size requires a special dic. 


5-30. Each Burndy power tool, except tool No. 
Y2O9BUC, requires a different die set, (nest and indentor 
combination), for each size and type of terminal lug. 
These die sets are listed in table 5—9 for uninsulated 
terminal lugs, and in table 5—10 for pre-insulated ter- 
minal lugs. Burndy tool No. Y29BUC, uses two rack 
and indentor combinations, as listed in table 5—10, 


§—31. T&B power tools Nos. 13586 and 13881 require 
separate indentor/nest combinations for each terminal 
size, as listed in table 5-11]. T & B power tool No. 
21073 includes dies, 


5-32. POWER TOOLS ADJUSTMENT. The Military 
Standard, AMP, Burndy and T & B power tools can be 
checked for proper adjustment. For good crimping re- 
sults, this must be done before each series of crimping 
operations, When tool is adjustable, proper correction 
must be made; otherwise, tool must be returned to manus 
facturer for repair. Check tools as follows: 


a. Gage the dies of the Military Standard Tool in 
the closed position with the appropriate GO/No GO 
gages listed in table 5—7. 


b, AMP tools are checked with tool fully bottomed. 
Gap between barrel crimping jaws of the dies shall meet 
the requirements of table S—12. Note that ‘'GO’’ gages 
shall be able to enter between jaws, and chat ‘'No GO”’ 
gages shall be unable to enter. 


c. Burndy tools ¥29B and Y29BUC when equipped 
with nests and indentors for pre-insulated terminal lugs 
(table S—10) are checked to ''G’’ dimensions listed in 
table 5-13. The ''G’’ dimension is the clearance be- 
tween nest and indentor when the tool is fully bottomed. 


d. T& Bpower tool No. 210/4, is checked when 
tool is fully bottomed. An 11/32 inch (.344) drill shall 
enter between nest K and the indentor, and a 23/64 inch 
(.360) drill shall not enter. Dies for T & B tools 13586 
and 13581 (similar to the Military Standard power tools 
listed in table 5—7) are gaged in the same way as the 
MS dies. 


TABLE 5-8 


Dies for AMP Power Tools 69061 and 69068 





Terminal For Head No. 69061 For Head No. 69066 
Lug Size Vinyl Ins. Nylon Ins. Vinyl Ins. Nylon Ins. 
8 48752 47820 48858 
6 48753 47821 48859 
4 48754 47822 48860 
2 4€755 47823 48861 
1/0 48756 47824 
2/0 48757 47825 
3/0 48758 47915 
4/0 48759 47918 
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TABLE 5-9 
Die Sets for Burndy Power Tools Y29B & Y29NSC 


For Use on Straight & For Use on Flag Type 


Terminal Right-Angle Type UNINSULATED 
Lug Size UNINSULATED Te?minal Lugs Terminal Lugs 
Nest No. Indentor No. Nest No. Indentor No. 
8 DV8L Y29PL DV8B Y29PBL 
6 DV6L Y29PL DVG6L Y29PBL 
4 DV4L Y29PL DV4BL Y29PL 
2 DV2L Y29PL DV2BL Y29PBL 
l DV1L Y29PL DV 1BL Y29PL 
1/0 DV25L Y29PR DV25BL ¥29PR 
2/0 DV 26L Y29PR *DV28L *Y29PR 
3/0 *DV27L *Y29PR -- — 
4/0 *DV28L *Y29PR *DV28L *Y29PR 


*Use these nests & indentors on tool No. Y29B only, since tool No. Y29NSC 
is not powerful enough to be used on terminal lugs of this size. 


TABLE 5-10 


Die Sets for Burndy Power Tools Y29B & Y29BUC 
for PRE-INSULATED COPPER Terminal lugs 


Burndy Die Set Number for Right Angle Terminal Lugs 


Terminal For Tool No. Y29B For Tool No. Y29BUC 
Lug Size 
Nest No. Indentor No. Rack No. Indentor No. 
8 DEV8L Y29PLE-1 Y29BUR—7 Y29PU5 
6 DEV6L Y29PLE-1 Y29BUR-7 Y29P U5 
4 DEV4L Y29PLE-1 Y29BUR-7 Y29PUS5 
2 DEV2L Y29PLE Y29BUR-8 Y29PU1 
l DV26L Y29PLE Y29BUR-8 Y29PU1 
1/0 DEV25L Y29PLE Y29BUR-8 Y29PU1 
2/0 DEV26L Y29PLE Y29BUR-8 Y29PU1 
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Paragraph 5-33 


TABLE 5-11 
Die Sets for T & B Power Tools 13586 and 13581 








Terminal Straight Type Terminals Flag Type Terminals 
Lug Size Indentor Nest Indentor Nest 
8 13649M 13651 : 21731M 21733 
6 13649M 13652 21731M 21734 
4 13649M 13653 21731M 21735 
2 13650M 13654 21732M 21736 
l 13650M 13655 21732M 21737 
1/0 13650M 13656 21732M 21738 
2/0 13650M 13657 21732M 21739 
3/0 13650M 13658 21732M 21740 
4/0 13650M 13659 21732M 21741 
TABLE 5-12 TABLE 5-13 
Gaging Dimensions for AMP Tools **G’* Dimensions for Burndy Power Tools 
AN Gaging Dimensions **G”* Dimension (in inches) 
Wire Size (in inches) 
———— = — ee ee Y29B° Y29BUC 
GO NOGO AN Wire 
8 .200 208 aie ES ee 
6 236 244 8 121 .094 147 132 
4 .268 .276 6 176 ~ 149 2172 157 
2 318 326 4 186 161 192 177 
1/0 399 .409 2 .216 .184 .210 .190 
2/0 445 455 l 296 -266 -290 -270 
3/0 497 507 1/0 325 295 .320 300 
4/0 559 569 2/0 — - -340 -320 
5-33. CRIMPING PROCEDURE FOR AN3427 STAND- d. Insert stripped wire into terminal lug barrel until 


ARD HAND TOOL (Burndy Tool #MY-28), hand crimp- wire insulation butts flush againse end of barrel. 
ing of large copper terminal lugs is done as follows 


with Standard Tool AN3427 (Burndy #MY-28). e. Insert wire and terminal lug assembly in tool 
nest. Center barrel under tool indentor. Close handles 
a. Strip wire insulation as described in section II, all the way (until movable handle reaches fixed stop). 


paragraphs 2—39 through 2—46, Wire stripping length 
for both uninsulated and pre-insulated /arge copper ter- 


minals shall be conductor barrel lengthplus 1/16 inch. Note 


Tongue of flag type terminal lug must rest flat 


b. Set tool to proper crimping position by use of ad- against upper level of nest as shown in figure 


justment screw. (See figure 5—7a.) 


5-9. 
c. Slide insulating sleeve (see 5—21) over wire ine 
sulation, well clear of crimping area. Do not use insu- f. Remove completed assembly and examine it for 
lating sleeves with flag type terminal lugs. proper crimp, in accordance with 5—73 and 5—74, 
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TONGUE MUST BE 
IN THIS POSITION 





Figure 5-9. Positioning Flag Type Terminal Lugs 


g. Slide insulating sleeve over terminal lug barrel 
and secure it in accordance with 5—21 and figure 5—6, 


5—34. CRIMPING PROCEDURE FOR T & B HAND 
TOOLS. Hand-crimp large T & B copper terminal lugs 
as follows: 


a. Scrip off wire insulation, using recommended prac- 
tices described in section II, paragraphs 2—39 through 
2—46. See 5—33a for stripping length. 


b. Select from table 5—5 the proper hand tool for ter- 
minal lug type and size being crimped. 


c. Check tool for correct adjustment in accordance 
with 5-26. 


d. Prepare tool for cimping as follows: 


1. Tool No. WT 115: loosen thumbscrew, turn nest- 
wheel until proper nest for termiaal lug size beingcrimp- 
ed is opposite indentor and retighten thumbscrew. 


2. Tool No. WT 127: insert proper nest for terminal 
lug size being crimped, in accordance with table 5—6. 


e. Slide insulating sleeve if required (see 5—21) over 
wire insulation well clear of crimping area. Do not use 
insulating sleeve with pre-insulated terminal lugs, or 
with flag type terminal lugs. 


f, Insert stripped wire into terminal lug barrel until 
wire insulation butts flush against end of barrel. 


g. Insert wire and terminal lug assembly in tool nest. 
Center barrel under tool indentor. 


h. Close tool handles all the way (until movable 
handle reaches fixed stop). 


i. Remove completed assembly and examine it for 
proper crimp, in accordance with 5—73. 


Section V 
Paragraphs 5—34 to 5~37 


j» Slide insulating sleeve over terminal lug barrel 
and secure it, in accordance with 5—21 and figure 5—6. 


5-35. CRIMPING PROCEDURE FOR MILITARY 
STANDARD POWER TOOLS. Power-crimp large Mili- 
tary Standard copper terminals MS25036, as follows: 


a. Select proper die for wire size from table 5-7, 
and instal! die in rool. 


b. Strip wire insulation, using recommended prac- 
tices described in section II, paragraphs 2—39 through 
2—46; stripping lengths are given in 5—33a. 


c. Insert stripped wire intoterminal barrel until wire 
insulation butts flush against end of barrel. 


d. Insert wire and terminal lug assembly into die. 


e. Actuate the power tool (press button on handle for 
electrically operated tool; actuate handle for manual 
hydraulicly operated tool), 


f, Remove the crimped assembly, and examine it for 
proper crimp, in accordance with 5-73. 


5-36. CRIMPING PROCEDURE FOR AMP POWER 
TOOLS, Power-crimp large AMP copper pre-insulated 
terminal lugs as follows: 


a. Strip wire insulation, using recommended strip- 
ping practices in section II, paragraphs 2—39 through 
2—46; stripping lengths are given in 5—3}3a. 


b. Select the proper insert for the terminal lug size 
being crimped from table 5—8. 
WARNING 


ALWAYS disconnect a power tool from its 
pressure source, whether air or hydraulic, 
BEFORE installing or removing its insert. 


c. Install insert in tool, 


d. Check tool for proper adjustment in accordance 
with 5—32. 


e. Insert stripped wire into terminal lug barrel until 
wire insulation butts flush against end of barrel. 


f. Insert wire andterminal lug assembly in tool nest, 
so that termina! lug barrel butts flush against tool stop. 


g- Squeeze tool trigger or actuate foot treadle. 


h. Remove completed assembly and examine it for 
proper crimp in accordance with 5—73. 


5—37, CRIMPING PROCEDURE FOR BURNDY POWER 
TOOLS. Powerecrimp large Burndy copper terminal lugs 
as follows: 


a. Strip wire insulation, using recommended strip- 
ping practices described in section lI, paragraphs 2—39 
through 2-46; stripping lengths are given in S5—33a. 
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Paragraphs 5-38 to 5—44 


b. Select from table 5—5 a power tool for terminal 
lug stvle and size being crimped. Pick tool that fits 
cri-ping conditions best, 


c. Select proper insert for tool from tables 5-9 or 
5—10, depending on terminal lug style. 


WARNING 


1 ALWAYS disconnect power tool from its 
pressure source, BEFORE installing or re- 
moving its insert. 


2. When using tool No. Y29BUC, ALWAYS 
remove nest rack BEFORE installing or re- 
moving indentor. 


d. Install insert in cool. 


e. Slide insulating sleeve over wires to be connec- 
ted to uninsulated terminal lugs (see5—21). Do not use 
insulating sleeves for flag type terminals. 


f. Insert stripped wire into terminal lug barrel until 
wire insulation butts flush against end of barrel. 


g» Insert wire andterminal lug assembly in cool nest. 
Center barrel under indentor, 


h. Squeeze cool trigger or actuate foot treadle. 


i. Remove completed assembly and examine it for 
proper crimp in accordance with 5—73 and 5—74, 


je Where used, slide insulating sleeve over terminal 
lug barrel and secure, in accordance with 5—21 and fig- 


ure 5—6. 


5-38. CRIMPING PROCEDURE FOR T & B POWER 
TOOLS. Power-crimp large T & B copper terminal lugs 
as follows: © 


a. Strip wire insulation, using recommended strip- 
ping practices described in section II, paragraphs 2—39 
through 2—46; strapping lengths are given in 5—33. 


b. Select from table 5—5 a power tool for terminal 
lug style and size being crimped. Pick tool that fits 
crimping conditions best, 


c. Set tool No. 21073 by rotating nest wheel to ine 
dex proper nest opposite indentor. Install correct nest 
and indentors in other cools, from cable 5-11. 


d, Slide insulating sleeve over wires to be connec- 
ted to uninsulated terminal lugs(see5—21). Do not use 
insulating sleeves for flag type terminals, 


e. Insert stripped wire inco terminal lug bareel until 
wire insulation butts flush against end of barrel. 


f, Insert wire and terminal lug assembly in tool nest. 
Center barrel under indentor, 


g. Squeeze tool wigger or actuate foot treadle. 
h. Remove completed assembly and examine it for 


proper crimp in accordance with 5—73. 
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i. Where used, slide insulating sleeve over terminal 
lug barrel and secure, inaccordance with 5—21 and fig- 
ure 5—6. 


5-39. HIGH TEMPERATURE TERMINAL LUGS. 


5-40. In areas where the temperature is expected to 
exceed 300 F, special terminal lugs are used. These 
are copper, either nickel or silver plated, and insulated 
with ahigh temperature material suchas TFE or Kel-F. 
These terminal lugs can be used where the continuous 
operating temperature does not exceed 500 F. Termr 
nal lugs made by Burndy and Thomas & Betts are pre- 
insulated; those made by AMP are provided with a TFE 
sleeve having a metal crimping ring which is crimped 
into the terminal lug after the wires have been inserted. 


5-41. CRIMPING TOOLS. Hand, portable power and 
stationary power tools are used to install high temper- 
ature terminal lugs on electrical wire. These tools are 
listed in table 5—14, 


5-42. HAND TOOLS. Hand tools are of the self-locking 
ratchet type. AMP hand tools are used on one terminal 
size only; the tool handle is color coded to match the 
insulation color of the terminal. Burndy and T & B 
tools are furnished with dies for the wire ranges; the 
opening for each wire size range is maked., 


5-43. POWER TOOLS. Power crimping tools operate 
on air pressure. AMP tools require an insert or die for 
each wire size range; Burndy tools require a separate 
die set for each wire size range. (See table 5—14). 


5—44. CRIMPING PROCEDURE FOR AMP HAND 
TOOLS. Hand crimp AMP high temperature terminal 
lugs as follows: (See figure 5—10). 


a. Strip wire length of terminal barrel, plus 1/32 
inch. 


b. Open tool jaws by squeezing tool handles until 
ratchet releases, 


c. Place terminal in crimping nest and center the 
terminal barrel in the nest. 


d. Place insulating sleeve on the wire, well back 
from the crimping area. 


e. Insert stripped wire into terminal, and crimp by 
closing tool handles until ratchet releases. Remove 
the crimped terminal and install the insulating sleeve 
over the barrel as shown. 


f, Ceneer the sleeve ring in the crimping nest of 
tool; close handles only far enough to hold the sleeve 
firmly in place. Wire may be moved to position terminal 
sleeve, so that it extends 1/32 inch beyond end of ter- 
minal barrel. 


g. Complete crimp by squeezing handles until rat- 
chet releases, 


Wire Size 
Range 
1. AMP 
#22 — #20 
#18 — «16 
#14 
#12 — #10 
2. Burndy 
#22 — #16 
#16 — #14 
#12 — #10 
#8 
3. T&B 
#22 — #20 
#20— #18 
#16 — #14 
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TABLE 5-14 


High Temperature Terminal Lugs and Crimping Tools 


Color Code 


Silver 


Red 


Blue 


Yellow 


Red 


Blue 


Yellow 


Green Stripe 


Red Stripe 


Yellow Stripe 


STEPS o THROUGH d 


SLEEVE 


Hand 
Tool 





46467 


46468 


46469 


46470 


MR 8—36T 


MR8-—36T 


MR8—36T 


MY4—25 


WT-—187 


WT-188 


WT— 188 


AMP TOOL 46468 





Crimping Tools 


Portable Power Stationary Power 
69100, with die 
46464 


69100, with die 
46465 


69100, with die 
46466 


YIONCP, with die 
set RIOHJT-1T 


M8ND, Y8ND, with 
die set N1OJT-9 


M8ND, Y8ND, with 
die set N1OJT—9 


YIONCP, with die 
set RIOHJT-1T 


M8ND, Y8ND, with 
die set N10) T—9 


Y10NCP, with die 
set RLOHJT-1T 


Y29NC, with die 
set DJ V8C -HT 






SLEEVE 


Figure 5-10. Crimping High Temperature Terminal Lugs 
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Paragraphs 5—45 to 5-53 


5-45. CRIMPING PROCEDURE FOR BURNDY HAND 
TOOLS. The procedure for crimping Bumdy high tem- 


perature terminal lugs ts as follows: 


high resistance oxide film immediately upon exposure 
to air. To compensate for these disadvantages it is 
important to follow carefully the recommended inscal- 


a. Strip wire to lenpth of terminal barrel, plus 1/32 
inch, 


b. Insert stripped wire into terminal, 


c. Openjaws of tool by squcezing handles together 
as far as they will go, and then releasing them, 


d, Place cerminal and wire assembly into correct 
groove of tool, so that terminal barrel rests against 


SCOP. 
e. Crimp by closing handles all the way. 


5-416. CRIMPING PROCEDURE FOR T & B HAND 
TOOLS, The procedure for erimping T & B high tem- 
perature terminal lugs is similar to the procedure des- 
cribed in 5-15 for small copper terminal lugs. 


$-—47. CRIMPING PROCEDURE FOR AMP POWER 
TOOLS, Power-crimp AMP high temperature terminal 
lugs as follows: 


a. Strip wire co length of terminal barrel, plus 1/32 


inch, 


b. Open die and insert terminal barrel so it centers 
in stationary die nest. Brazed scam on terminal barrel 
should face upward. 


c. Close jaws justenough to hold terminal in place. 
Make sure terminal barrel remains centered in die. 


d, Place insulating sleeve on wire back from strip- 
ped end, 


c, Insert stripped wire in terminal barrel, and crimp, 
holding wire firmly in place. 


f. Remove assembly, and pull sleeve into place over 
terminal barrel, 


ge Place assembly into die so that sleeve ring is 
centered in nest of stationary die. 


h. Close jaws just enough to hold assembly, and 
make sure sleeve ring remains centered. Complete 
crimp and remove assembly. 


5-48. CRIMPING PROCEDURE FOR BURNDY POWER 
TOOLS. The procedure for crimping Burndy high tem- 
perature terminal lugs is similar to the procedure for 
crimping small copper terminals to wire. Sce 5-17. 


5-49. TERMINATING ALUMINUM WIRE. 


5-50. GENERAL. Aluminum wire is used in aircraft 
because of its weight advantage over copper. Aluminum, 
however, has the disadvantage of being softer than cop- 
per. Further, bending aluminum wire will cause ‘‘work 
hardening’’ of the metal which makes it more brittle. 
This will result in failure or breakage of strands much 
sooner than in copper wire. Aluminum also forms a 
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lation procedures, 


WARNING 


Do not use any aluminum wire which has nicked 
or broken strands, Damaged strands will fail 
In service. 


5-S1l. ALUMINUM TERMINAL LUGS. A!uminum tere 
minal lugs are used only to terminate aluminum wires. 
See figure S—1 for typical connections, Aluminum ter 
minal lugs are available in three types, straight, 90 
degree upright, and angle (left or right), The barrels 
of aluminum terminal lugs are filled with a petroleum- 
base abrasive compound. This compound, by a grinding 
process during the crimping operation removes the oxide 
film from the aluminum. The compound also prevents 
oxide from re-forming in the completed connection. All 
aluminum terminals have an inspection hole to allow 
checking the depth of wire insertion(see figure 5—1). 
This inspection hole is sealed with a removable plastic 
plug, which also serves to retain the oxide-inhibiting 
compound, Each aluminum terminal lug is marked with 
the letrers “‘AL’’ indicating it is for use with alu- 
minum wire, and also with the wire size it will 
accommodate, 


CAUTION 


Do not remove the inspection plug until the 
crimp has been completed, and the wire inser- 
tion is to be inspected. Replace plug after 
Inspection, 


5-52. INSULATING SLEEVES. Aluminum terminal lugs 
are not preinsulated, thercfore it isnecessary to insulate 
them after assembly, by lengths of transparent flexible 
tubing, called sleeves. The sleeve provides mechanical 
and electrical protection at the connection. (See figure 


S-6). 


5-53. CRIMPING TOOLS, Power tools, either station- 
ary or portable, are recommended to install aluminum 
terminal lugs. Use the Military Stanrard Tools MS25441 
and MS25494 to install MS aluminum terminal lugs. In- 
stall other aluminum terminal lugs with the tools listed 
in table 5—15. The numbers in parentheses listed after 
the tool numbers indicate the range of wire sizes that 
can be safely crimped with that tool. 


CAUTION 


Do not use any crimping tool beyond its rated 
Capacity. 


5-54. HAND TOOLS. The Military Scandard hand tool 
MS25020 shown in figure 5—13 is obsolete for use on 
aluminum terminal lugs. This tool was formerly used 
to crimp MS25021 andMS25022 aluminum terminal lugs, 
which have now been superseded by the Military Stand- 
ard terminals listed in table 5-15. 


CAUTION 


Do not use the MS25020 tool on Military Stand- 
ard Terminals MS25435, 25436, 25437 or 25438. 
Use thistool only for such obsolete aluminum 
MS terminals as may be still stocked. 


5-55. POWER TOOLS. See figure 5-8. MS 2544l isa 
complete electric-hydraulic tool, consisting of an elec- 
tric pump, hydraulic head, hydraulic hose, and control 
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5-57. CRIMPING PROCEDURE FOR MILITARY 
STANDARD POWER TOOLS. Power-crimp Military 
Standard (except MS2502 1 and 25022) aluminum terminal 
lugs as follows: 


a. Sclect power tool from table 5—15. Use tool thar 
fits crimping conditions best. 


b. Select proper die for wire size from table 5-16. 
Die is stamped with the wire size on both upper and 
lower faces and with the letters AL. Install die in cool 


head, 


WARNING 


ALWAYS disconnect power tool from its pres- 
sure source BEFORE installing or removing 


die. 


TABLE 5-15 


ALUMINUM Terminal Lugs and Crimping Tools 


Aluminum Hand 
Terminal Lugs Tool 





1, MS25435, 25436, 
25437 and 25438 


2. *Burndy: 
*Straight 
*MS25021 *MS25020 
*Flag 
*MS25022 *MS25020 


*Items marked ® are obsolete 


handle. A foot operated pump MS25494 can be used to 
supply hydraulic pressure for MS2544l-I head. All 
power tools require a specific insert die for each ter- 
minal lug size. These dies are listed in table 5—16, 
and 5—17. Burndy power tools may be used only to in- 
stall the obsolete Military Standard terminal lugs 
MS25021 and 25022. 


CAUTION 


Do not use Burndy power tools on Military 
Standard terminal lugs MS25435, 25436, 25437 
or 25438. 


5-56. POWER TOOL INSPECTION. Dies for the Mili- 
tary Standard tools MS25441 and MS25494 are checked 
with MS25472 gages. Check the dies in the closed po- 
sition with the appropriate Go/No Go pages listed in 
table 5—18. 


MS25494, with Head 
MS25441—1 (8-4/0) 


Y29B (8-4/0) 


Y29NC (8-1/0) 


Power Crimping Tools and Wire Size Range 


Portable Power 


Stationary Power 


MS25441 (8-4/0) 


Y29NSC (8-4/0) 


TABLE 5-16 


Dies used on Military Standard Power Tool for 
Crimping ALUMINUM Terminal Lugs 


Terminal Dies for MS Tools 
Size Head #MS25441-1 
8 MS25442—8A 
6 MS25442—G6A 
4 MS25442-—4A 
2 MS25442—2A 
l MS25442-—1A 
1/0 MS25442-01A 
2/0 MS25442-—02A 
3/0 MS25442-03A 
4/0 MS25442-—04A 
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TABLE 5-17 


Die Sets for Burndy Power Tools Y29B, Y29NC & Y29NSC, 
for Crimping MS25021 and 25022 ALUMINUM Terminal Lugs ONLY 


Die Sets 
Lug Size For Straight Type Terminal Lugs For Flag Type Terminal Lugs 

Nest Indentor Nest Indentor 

8 DV8L-1 Y29PL DV8B Y29PBL 

6 DVGL-1 Y29PL DVG6L Y29PBL 

4 DV4L Y29PLA DV4BL Y29PBL 

2 DV2L Y29PLA DV2BL Y29PLA 
l DV25L. Y29PA DVIBL Y29PA 
1/0 DV26L Y29PA DV 25BL Y29PA 
2/0 *DV27L *Y29PA *DV28L *Y29PA 
3/0 *DV28L *Y29PA *DV28L *Y29PA 
4/0 *DV28L *Y29PA *DV28L *Y29PA 


*For use on tool No. Y29B only, since tools Y29NC & Y29NSC are not powerful enough for these 


terminal lug sizes. 
TABLE 5-18 
Gages for MS25442 Crimping Dies 


Gage MS25472 


Die Dash Number Dash Number 


-8A a] 
-6A 2 
~4A 23 
-2A 4 
-1A -5 
-O1A ZG 
-02A Sy 
-03A -8 
~04A ~9 


c. Strip wire insulation carefully, using recommended 
stripping practices for aluminum wire described in sec- 
cion II, paragraphs 2-40 through 2—46; stripping lengths 
are listed in table 5—19. 


d. Install insulating sleeve over wire insulation, 
well back from crimping area, 


e, Inspect to see that inner barrel is well coated 
with compound. 


f. Insert wire into terminal barrel, 
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CAUTION 


Do not remove the inspection plug as this 
keeps the compound in the barrel, When the 
wire is insertedto the full depth of the barrel 
the compound is forced between and around 
the conductor strands, 


g. Wipe off any excess compound squeezed out of 
terminal lug barrel with a clean soft cloth. 


h. Insert assembly into the die correctly positioned 
as shown in figure 5—11. 


i. Actuate the power tool. When using MS25441, 
press the lower button on the control handle. Do not 
release the button until the dies open automatically. 
When using MS25494, close the release knob and ac- 
tuare the pump handle, Whenthe dies have been closed 
to a pre-determined pressure the terminal can be re- 
leased by opening the release valve, 


Note 


Wire sizes No. 8 to No. 2/0 require only one 
crimp. Wire sizes No. 3/0) and No. 4/0 require 
two crimps. Locate the second crimp cen- 
trally on the portion of the barrel remaining 
afeer the first crimp. See figure §—12. 


je Check visually to see that the correct wire size 
is imprinted on the barrel. 


k. Remove the inspection plug and check visually 
or with the aid of a probe to see that wire is fully in- 
serted. Replace the plug after inspection. 


I, Slide insulating sleeve over the terminal lug bar- 
rel and secure in accordance with 5—21 and figure 5—6. 
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Figure 5-1]. Positioning Aluminum Terminal Lugs in Die Nests 
TABLE 5-19 


Stripping Lengths for ALUMINUM Wire 


Stripping Length (in inches) 


Wire MS25435, 25436, *MS25021 *MS25022 
Size 25437,& 25438 
8 11/16 7/16 1/2 
6 13/16 1/2 1/2 
4 27/32 5/8 9/16 
2 I- 1/32 5/8 **5/8 
1 1- 1/32 3/4 €93/4 
1/0 l- 1/32 13/16 ** 13/16 
2/0 I~ 7/32 15/16 15/16 
3/0 I~ 9/32 15/16 15/16 
‘0 l- 7/16 l l 


* Items marked * are obsolete. 
**Excepe for 1/2 inch stud size terminal lugs, where stripping lengths are 
13 16, 78 and 7/8 for wire sizes 2, 1 and 1/0 respectively. 





Figure 5-12. Single and Double Crimp on Aluminum Terminal Lugs 
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5-58. CRIMPING PROCEDURE FOR MILITARY 
STANDARD MS25020 HAND TOOL. This tool shall be 
used only to crimp obsolete aluminum terminal lugs 
MS25021 and 25022. The procedure is as follows: 


a. Set tool to proper crimping position for terminal 
lug size being crimped. This is done by moving nest 
by means of adjustment screw until guide line on nest 
is centered over line on marked plate corresponding to 
terminal lug size being crimped. See figure 5—13. 


b. Carefully strip wire insulation, using recommended 
Stripping practices for aluminum wire describéd in sec- 
tion II, paragraphs 2—40 through 2—46; stripping lengths 
are listed in table 5-19. 


c. When crimping straight or right-angle type ter- 
minal lugs, slip insulating sleeve over wire insulation, 
well clear of crimping area. 


d. Remove protective cover from terminal lug barrel. 
See figure 5—14. 


CRIMP ADJUSTMENT 


GUIDE LINE 


INDENTOR 
(FOR 
ALUMINUM) 


MARKED PLATES 


ALUM. AIR. CABLE 
STRAIGHT TYPE TERMINAL 


$8555 Sees 


ALUM. AIR. CABLE 
FLAG TYPE TERMINAL 


B 5555 - ,, 
@ ®a4- 8 8g 
STANDARD TOOL MS$25020 


Figure 5-13. Tool—Hand Crimping—Aluminum 
Terminal Lugs 
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PROTECTIVE COVER 


PETROLATUM 
COMPOUND 


HALF FULL 
OF COMPOUND 


COVER HOLE TO PREVENT 
FORCING PETROLATUM 
COMPOUND OUT 


ar LL stripPeD WIRE 


CHECK TO SEE IF WIRE 
IS PROPERLY INSERTED 


@ 
oe) 





Figure 5—14. Inserting Aluminum Wire into 


MS25021 Aluminum Terminal Lugs 


e. Check that terminal lug barrel is ac least half-full 
of petrolatumezinc dust compound. If not, add addition- 


al compound. 


f. Hold terminal lug in one hand, with finger fully 
blocking inspection hole to prevent loss of compound, 
and pick up wire in other hand. 


g- Insert stripped wire into terminal lug barrel. Do 
not twist wire during fnsertion. 


h. Hold wire and terminal lug assembly firmly co- 
gether and wipe offany excess compound squeezed out 
of terminal lug barrel with a soft dry cloth. 


i. Check inspection hole, visually or with a wire 
probed, and make sure that wire end reaches all the way 
into terminal lug barrel. 


j- Insert wire and terminal lug assembly into tool, 
so that terminal lug barrel is centered over tool inden- 
tor. Tongue of flag type terminal lug must rest flat 
against side of tool nest. See figure 5—9. 


k. Close tool handles all the way or until movable 
handle meets stop. 


1. Remove completed assembly from tool. 


nm. Wipe off excess compound squeezed out of ter- 
minal lug barrel with a soft dry cloth. 


n. Examine assembly for proper crimp in accordance 


with 5—73 and 5—74, 


o. Slide insulating sleeve over terminal lug barrel 
and secure it in accordance with 5—21 and figure 5-6. 


5-59. CRIMPING PROCEDURE FOR BURNDY POWER 
TOOLS. The Burndy power tools listed in table 5-15 
are used only tocrimp obsolete aluminum terminal lugs 
MS25021 and MS25022. The following procedure is used: 


a. Select the correct insert from table 5—17. 


b. Install insert in tool. 
WARNING 


ALWAYS disconnect power tool from its pres- 
sure source BEFORE installing or removing 
insert. 


c. Carefully strip wire insulation to length given in 
table 5-19 using recommended stripping practices for 
aluminum wire described in section II, paragraphs2—40 
through 2—46. 


d. When crimping straight type terminal lugs, slip 
insulating sleeve over wire insulation, well clear of 
Crimping area. 

e. Remove protective cover from terminal lug barrel. 
(See figure 5-14). 


f. Check that terminal lug barrel is atleast half-full 
of petrolatum-zinc dust compound. If not, add addi- 
tional compound. 
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g- Hold finger over inspection hole to prevent loss 
of compound. Insert stripped wire into terminal lug 
barrel. Do not twist wire. 


h. Hold wire and terminal lug firmly together and 
wipe offany excess compound squeezed out of terminal 
lug barrel with a soft dry cloth. 


i. Check inspection hole, visually or with a wire 
probe, and make sure that wire end reaches all the way 
into terminal lug barrel. 


j- Insert wire and terminal lug assembly into tool, 
so that terminal lug barrel is centered over tool indenror. 


k. Actuate power tool. 
1. Remove completed assembly from tool. 


m. Examine assembly for proper crimp in accordance 


with 5—73 and 5-74. 


n. Slide insulating sleeve (if used) over terminal 
lug assembly and secure it in accordance with §—21 and 
figure 5—6, 


5-60. SPLICING SMALL COPPER WIRES (SIZES NO. 
26 THROUGH NO. 10). 


5-61. PRE-INSULATED SPLICES, Pre-insulated per- 
manent copper splices are used to join small copper 
wires of AN wire sizes No. 26 through No. 10. Typical 
splices are shown in figure 5—1. Note that splice pre- 
insulation extends over the wire insulation. Each splice 
size can be used for more than one wire size. Splices 
are color coded in the same manner as pre-insulated 
small copper terminal lugs; refer to 5—9 and table 5-1 
for details. Splices are also used when authorized to 
reduce wire sizes,as shown in figure 5—15, for special 
applications (see figure 5—1G6), and fur multiple wire 
applications. 


 ) 


THIN WIRE 
DOUBLED OVER 


HEAVY WIRE 


COVER WITH VINYL TUBING TIED AT BOTH ENDS 


Figure 5-15. Reducing Wire Size with 
Permanent Splice 
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DOUBLE EACH WIRE 


ct} ep a 


o. TWO THIN WIRES INTO #16 SPLICE 


OPEN STRANDS AND 
TWIST TOGETHER 


an a _h 


b. TWO THIN WIRES TO ONE HEAVY WIRE 


mp BZA 3 


ce. ONE THIN WIRE TO ONE HEAVY WIRE 


EXTRA SLEEVE MUST BE USED 


COMPLETED SPLICE 


Figure 5-16. Special Splices 


5—6Z. CRIMPING TOOLS. The Military Standard tool 
MS25037 is used to crimp the small Military Standard 
copper splices MS25181. See 5—11 and 5—12 for tool 
description and inspection. 


5-63. CRIMPING PROCEDURE FOR MS25037 STAND- 
ARD HAND TOOL. Crimp small pre-insulated copper 
splices inthe No. 26 No. 10 wire size range as follows: 


a. Swing the stop plate used for installing small 
insulated terminal lugs out of the way. (See figure 5—17) 


b. Strip wire to length given in table 5-20, following 
the procedures described in section II, paragraphs 2—40 
through 2-46. 

CAUTION 
Inserting the splice in the wrong part of the crimper 
will result in a splice that will pull out. 


c. Put the splice in the crimping tool with the center of 
the splice closest to the flat die. In this way the bare stripped 
wire will receive the heavier crimp. The part of the wire 
which is insulated will then be in the conical side which re- 
ceives a lighter crimp. 


d. Insert wire into the ‘‘wire in’’ side of splice so 
that the stripped conductor butts against the stop in 
the center of the splice. This can be seen through the 
splice inspection window. 


e. Crimp by closing tool handles; tool will not open 
until full crimping pressure has been applied. 


f. After crimping, check that wire end is still visible 
through inspection window. 
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STOP PLATE 
SWUNG DOWN OUT OF WAY 


SS 


FLAT DIE 


CONICAL DIE 


LOCATOR GROOVE 


LOWER DIE 


MS25 161 
CONICAL SIDE 


Y 


WV 
CORRECT 


INCORRECT 





Figure 5~17. Locating Splice in Crimping Tool 


g- Reverse position of splice, and repeat steps b 
through f tu crimp other side of splice. 


TABLE 5-20 
Stripping Length for Small Copper Splices 


Stripping Length 


Wire Size (Inches) 
26 — 24 >/32 
22 — 14 TP 32 
12 = 10 $/16 


5-64, SPLICING LARGE COPPER WIRES (SIZES NO. 
8 THROUGH NO. 4/0). 


5-65. SPLICES. Uninsulared splices are used to join 
large copper wires of sizes No. 8 through No. 4/0. 
There is a different splice for each wire size. Unin- 
sulated splices are insulated after assembly with cither 
heat-shrinkable tubing or transparent flexible sleeving 
to provide electrical and mechanical protection. If 
using heateshrinkable tubing method, use procedure 
described in section XI, paragraph 11-22. If flexible 
sleeving method is used, cut sleeve to length in ace 
cordance with table 5—21, Center sleeve over splice 
and tie at both ends withcord as shown in figure 5--18. 


st 
Cee: 





a Leve 


APPROX. 





Figure 5-18. Insulating Sleeves for Splices 
Size 8 and Larger 
TABLE 5-21 
Length of Insulating Sleeves 


Insulating Sleeve Length 
(in inches) 


Splice Wire Size 


8 1-15/16 
6 2- 1/8 
4 2- 1/8 
2 2-13/32 
1 2-13/32 
1/0 2-17/32 
2/0 2-25/32 
3/0 2- 13/16 
4/0 2-15/'16 
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5-66. CRIMPING. TOOLS, The crimping tools for 
Burndy large copper splices are AN 3427 (standard tool) 
and MY28, Y29B and Y29NC. AN 3427 and MY28 are 
hand tools: Y29B and Y29NC are portable air powered 
tools which require a different die set for each splice 
size-these die sets are listed intable 5-22, The port- 
able hydraulic crimping tool head for T & B large cope 
per splices is 13642; it requires a different die set for 
each splice size, as listed in table 5-23, 


Note 


Use power tools, if available for large copper 
splices. 


5-67. CRIMPING PROCEDURES, Crimping procedures 
for hand or power tools are the same as those described 
in 5—33 through S— 38 for large copper terminal lugs, exe 
cept that wire is stripped to dimensions given in table 
§— 24, and crimping operation is done twice, at both ends 


of splice. 


5-68. SPLICING HIGH TEMPERATURE WIRES 
Splices for high temperature applications are available 
inthe same wire size ranyes as high temperature tere 
minal lugs, (see table §S—14.) The tools and crimping 
procedures are the same for splicesas for terminal lugs. 
Crimp splice at both ends, 


TABLE 5-22 


Die Sets Used on Burndy Tools Y29B & Y29NC 
for Crimping Large Copper Splices 


Splice Wire Size Die See Number 





Nest “Indentor 
8 DV8L Y29PL 
6 DV6L Y29PL 
4 DV4L. Y29PL 
2 DV2L Y29PL 
] DVIL Y29PL 
1/0 DV 25L Y29PR 
2/0 DV 26L Y29PR 
3/0 *DV27L *Y29PR 
4/0 *DV 28L *Y29PR 


*For tool No. Y29B only, since tool No. Y29NC 
is not powerful enough for these sizes. 


149 


Section V 
Paragraphs 5-69 to 5-73 


TABLE 5-23 


Die Sets Used on T & B Head 13642 
for Crimping Large Copper Splices 


Splice Wire Size Indentor Nest 


8 13649M 13651 
6 13649M 13652 
4 13649M 13653 
2 13650M 13654 
1 13650M 13655 
1/0 13650M 13656 
2/0 13650M 13657 
3/0 13650M 13658 
4/0 13650M 13659 
TABLE 5-24 


Wire Stripping Lengths for Large Copper Splices 


AN Wire Size Strip Length (inches) 

8 7/16 
6 1/2 
4 1/2 
2 5/8 
1 5/8 

1/0 11/16 

2/0 13/16 

3/0 13/16 

4/0 7/8 





Figure 5-19. Positioning Aluminum 
Splice in Die Nest 
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5-69. SPLICING ALUMINUM WIRES, Splice large alu- 
minum wires sizes No. 8 through No. 4/0 with Military 
Standard splice MS25439. Use the Military Scandard 
power tools listed in table 5—15, with the correct dies 
from table 5—16. Follow the same procedure as for alu- 
minum terminal lugs outlined in 5—57, positioning the 
splice inthe tool as shown in figure 5—19, Crimp-splice 
at both ends. 


5-70. MULTI-SPLICING. Multi-splicing is the crimp- 
ing together of three or more wires in a single splice. 
This is a special application and may be used only 
when called for on the applicable engineering drawing. 
See table 5-25 for acceptable combinations of wire 
sizes. For multi-splicing applications using standard 
MS25181 splices, the MS21980-128 ferrule is used to 
hold the wire together during the crimping operation. 


5-71. CRIMPING MULTI-SPLICE CONNECTIONS. To 
terminate multiple conductors in the MS25181 splice 
to make a multi-splice, use MS21980-128 ferrule with 
MS17776 and MS25037 crimping tools, with the follow- 
ing procedure. 


a. Strip wire ends 1/2 inch. 


b. Insert wire inMS21980-128 ferrule to within 3/32 
inch, plus or minus 1/32 inch from the insulation of all 
conductors, 


c. Crimp ferrule, using the MS17776 crimping tool. 
d. Round ferrule in rounding die of this tool. 


e. Trim off excess wire strands protruding through 
open end of ferrule to extend not more than 1/32 inch 
beyond ferrule. 


f, Insert this assembly into the MS25181-3 splice 
and crimp with MS25037 crimping tool. 


g. Inspect ferrule assembly to insure that it is vis- 
ible through window, or must not be more than 1/64 inch 
back under the edge of the splice window. 


5-72. INSPECTION OF CRIMPED CONNECTIONS. 


5—73. VISUAL INSPECTION. Examine the crimped 
connection carefully for the following: 


a. Indent centered on terminal lug barrel or splice 
barrels. 


b. Indent in line with barrel; not cracked, 
c. Terminal lug or splice barrel not cracked. 
d, Terminal lug or splice insulation not cracked. 


e. Insulation grip crimped. 


CAUTION 


Do not use any connection which is found de- 
fective as a result of the visual inspection. 
Cut off defective connection and remake us ing 
a new terminal lug or splice. 


Section V 


TABLE 5-25 


Wire Size Combinations (Per Splice End) for Mulit—Splices 





No. of Wire Combined With: No. of Wire Combined With: 

Wires Size No. of Wires Wire Size Wires Size No. of Wires Wire Size 
2 #22 --- --- 2 216 --- --- 
3 #22 --- --- 3 #16 --- --- 
4 #22 --- --- l #16 l #22 
2 #20 --- --- 1 #16 2 #22 
3 220 --- --- 1 016 3 #22 
4 #20 --- --- l #16 1 #20 
1 #20 ] #22 ] #16 2 #20 
1 #20 2 #22 1 #16 3 220 
1 #20 3 #22 | #16 1 #18 
1 #20 4 #22 | #16 2 718 
2 #20 1 #22 2 #16 1 #22 
2 #20 2 #22 2 #16 2 #22 
2 #20 3 #22 2 216 1 #20 
3 220 1 n22 2 #16 1 #18 
3 #20 2 #22 1 416 1 #20 and 1 #22 
2 #18 --- --- 1 #16 1 #20 and 2 #22 
3 218 --- --- 1 #16 1 #18 and 1 #22 
4 +18 --- --- | #16 1 #18 and 1 #20 
l #18 l #22 | #16 2 #20 and 1 #22 
1 #18 2 #22 1 #16 1 #18 and 2 #22 
l #18 3 #22 1 #16 1 #18, 1 #20 and 1 #22 
1 #18 4 #22 2 #14 oe iat as os Ss 
1 #18 1 #20 1 #14 1 #22 
1 #18 2 #20 1 #14 2 022 
1 #18 3 #20 1 a14 3 #22 
2 #18 l #22 1 #14 1 #20 
2 #18 2 #22 1 #14 2 #20 
2 +18 3 #22 1 al4 3 #20 
2 #18 1 #20 1 #14 1 #18 
2 #18 2 #20 1 #14 2 #18 
3 #18 l #22 1 #14 1 #16 
3 #18 1 220 2 #14 l #22 
1 #18 1 #18 and 1 #22 1 #14 1 #20 and 2 222 
1 #18 1 #20 and 1 #22 1 #14 1 #18 and 1 #22 
1 #18 2 #20 and 1 #22 | #14 1 #18 and 2 #22 
2 #18 1 #18 and 1 #22 | #14 2 #20 and 1 #22 
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5-74. CHECKING DEPTH OF INDENT. Sizes 8 through 
4/0 uninsulatedterminal lugs and splices crimped with 
the Military Standard and Burndy tools are checked for 
depth of indent as follows: 


1, Use micrometer or depth indicator with point adap- 
ter to measure ‘''T’’ dimension as shown in figure 5-20. 


2. ‘'T’’ limits for COPP ER terminal lugs and splices 
are listed in tables 5—26 and 5-27. 


3, ''T’’ limics for MS25021 and MS25022 ALUMINUM 
terminal lugs are listed in tables 5—28 and 5—29. 
Note 


Do not attempt to measure ‘‘T’’ dimensions 
of insulated terminal lugs. The soft plastic 
insulation will give a false indication, 


DIAL MICROMETER 


**T°*? DIMENSION 


Figure 5-20. Indent Inspection 
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5—75. When a dial micrometer is not available, a hand 
micrometer is modified as shown in figure 5~21. The 
indicated ‘‘A’’ dimension must be subtracted from the 
micrometer reading to obtain the ‘'T’’ dimension, 





Figure 5-2]. Modifying Hand Micrometer for Indent 
Inspection 


TABLE 5-26 


‘*T'' Dimensions for Burndy Uninsulated COPPER 
Splices and Straight and Right-Angle Terminal Lugs 


‘'T’’? Dimensions (in inches) 
Using AN3427 Using Burndy Tools No. 
Y29NC, Y29NSC & Y29B 





AN Wire 

Size Min, Max. Min. Max. 
8 .090 = .120 .096 .150 

6 .090 ~ ~=.120 -109 = .150 

4 -140 .175 ~155 .197 

2 -140 .180 195 .236 

l .220 = .260 227 =. 281 
1/0 .280 =. 520 252 3.306 
2/0 .280 .330 .270 =. 330 
3/0 365 .410 335 36.395 
4/0 410 .455 320 =.380 


**T’" Dimensions for MS25189 COPPER (Flag) 


Terminal Lugs 


AN Wire 
Size 


8 
6 
4 
2 
1/0 
2/0 


4/0 


*For Tool Y29B these dimensions are .310 — .440 


TABLE 5-27 


‘*T’? Dimensions (in inches) 


Min. 





130 
130 
205 
265 


325 


390 


510 


TABLE 5-28 


Using AN3427 
Tool 


Max. 





.170 
.180 
.260 


318 


378. 


450 


-570 


Using Burndy Tools 
No. Y29B & Y29NSC 


Min. 
- 180 
-205 
.270 
.270 
*.340 
-405 


-500 


Max. 





.205 
235 
315 
315 
440 
465 


° 580 


*T’’ Dimensions for MS25021 ALUMINUM 


AL Wire 
Size 


1/0 
2/0 
3/0 
4/0 


(Straight) Terminal Lugs 


“T’’ Dimension (in inches) 
Using MS25020 Using Burndy Tools No. 
Tool Y29B, Y29NC, Y29NSC 
.098 123 -098 168 
125 150 125 150 
141 176 136 176 
259 «294 171 ~240 
290 320 204 -280 
.340 -400 232 336 
0375 .420 .290 390 
330 435 310 -400 
410 -485 -380 479 


TABLE 5-29 
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“*T’’ Dimensions for MS25022 ALUMINUM 


AL VWire 
Size 


8 


6 


1/0 


2/0 


‘*T’? Dimension (in inches) 


Min. 





145 
.205 
265 
.272 
338 
391 


-370 


Max. 





.200 
245 
305 
305 
373 
423 


.406 


(Flag) Terminal Lugs 





Using MS25020 Using Burndy Tools No. 
Tool 


Y29B, Y29NC, Y29NSC 
Min. Max. 
155 185 
.190 .220 
.260 290 
-230 -280 
255 305 
255 315 
345 .405 
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SECTION VI 
TAPER PIN TERMINATIONS 


6-1. INTRODUCTION. 


6—2. GENERAL. Taper pins are usedas wire terminae 
tions, in assembly with receptables in taper pin blocks 
or in connectors, where space and weight are consid- 
erations, and where easy relocation of wiring is desir 
able. Taper pins are not to be considered as a quick- 
disconnect, but are used as a permanent electrical con- 
nection capable of being easily serviced and re-located. 


6-3. SCOPE. This section describes and illustrates 
the recommended procedures for crimping taper pins to 
electrical wire; for inserting taper pins into their mating 
receptacles; and for extracting taper pirs from recep- 
tacles. It alsodescribes and illustrates the tools used 
to accomplish these procedures, 


6—4. DESCRIPTION. Taper pins are pre-insulated, or 
uninsulated; both types are available with or without 
an insulation grip. The pins described in this section 
are the .053 size (.053 inch diameter at the small end 
of the taper) as made by AMP and Burndy. Also included 
is a special version of the standard AMP taper pin, 
used as termination for the hard molded harness des- 
cribed in section XII. 


6-5. TAPER PIN TOOLS. 


6—6. CRIMPING TOOLS. Taper pins are attached to 
electrical wires by crimping with a manually operated 
portable tool, in which a ratchet controls the crimping 
cycle and prevents the tool handle from opening before 
the crimp is fully accomplished. See figure 6-1. Port- 
able power and automatic feed tools are also available. 


6-7. INSERTION TOOLS. (See figure 6—2a.) Taper 
pins are inserted into mating receptacles with an in- 
sertion tool which provides the exact force necessary 
to lock the pin and receptacle together. Insertion tools 
are available with a captivating device that prevents 
their being withdrawn until the taper pin has been fully 
inserted. AMP tools have an optional pull test feature 
which applies a force to ten to twelve pounds to test 
the completed connection. 


6-8. EXTRACTION TOOLS, See figure 6—2b. Use of 
an extraction tool allows the taper pin to be removed 
from the mating receptacle without damage to either part. 


Note 


Normally a formed taper pin may be extracted 
and re-inserted into the same receptacle a 


154 


maximum of five times. If by careful handling 
the pin remains undamaged the number of in- 
sertions may be increased. Solid pins care- 
fully handled should be capable of twenty re- 
insertions. 


6-9. SPECIAL INSERTION-EXTRACTION TOOL, See 
figure 6—3. This tool, designed for use with the Chance 
Vought special AMP taper pins incorporates three fea- 
tures inthe one tool: insertion of pins into receptacles, 
pull-rcesting, and extraction of pins from receptacles. 
The tool cannot be disengaged until the pins are fully 
inserted and pull-tested. 


CAUTION 


Do not use this tool with any other taper pins. 
6-10. CRIMPING PROCEDURES. 


6-11, CRIMPING PROCEDURE FOR STANDARD AMP 
TAPER PINS. Attach standard AMP taper pins, insu- 
lated or uninsulated, to electrical wire as follows: 


a. Cut wire to length, and strip to dimension given 
in table 6-1. 


b. Select the proper crimping tool from table 6—2 or 
table 6—3. 


Note 


Omit step c for uninsulated terminals 


c. Check insulation grip with both insulation crimp- 
ing adjustment pins in the Number 3 position. See fig- 
ure 6—4, Place taper pin in crimping jaws with un- 
stripped wire inserted in insulation grip portion of taper 
pin. Crimp, thenbend wire back and forth holding caper 
pin firmly. If wire pulls out, repeat test with pins in 
remaining positions until desired insulation grip is 
obtained. 


d. Open crimping jaws of tool by squeezing handles 
unul ratchet releases, 


e. Holding thetool withthe unblackened link upper 
most, insert the taper pin from the under side so that 
the pin shoulder rests against the locator in the tool. 
See figure 6—5. 


f, Close handles until the jaws just grip the taper 
pin barrel, and insert the stripped wire into the barrel. 


ge Hold the wire firmly in place and close the tool 
handles until the ratchet releases, Remove the crimp- 
ed assembly. 
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INSULATION ADJUSTMENT 








LOCATOR 
COLOR DOTS 
® 
& 
= DIE NUMBER 
} NOTCH LETTER 
® * 
QUICK TAKE-UP TRIGGER 
Oo Oo 


b. AMP — NO. 59480 





oa AMP — NO. 46222 OR 46223 c. BURNDY — NO. M8ND 


Figure 6—]. Crimping Tools for Taper Pins 
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BURNDY 


- INSERTION TOOLS b. EXTRACTION TOOLS 





Figure 6-2. Insertion and Extraction Tools for Taper Pins 


EXTRACTION LEVER 





Figure 6-3. AMP Combination Insertion — Extraction Tool No. 380565 
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TABLE 6-1 TABLE 6-3 


Taper Pin Tooling — AMP Standard 53 


Stripping Lengths for Taper Pin Terminations Series, Pre—Insulated 


: : Son ah Wire Size Crimping Insertion Extraction 
Wire Size Stripping Length I* Tool 
(AN) (Inches) WON) og: je NOt, 4 OO a al ee 
24 — 22 46222 380431—1 or —2 380305—1 
#24 — 922 5/32 20-18 46223  380431-1 or -2 380305-1 
#20 — #18 3/16 16 46223 380431-—lor—2 380305—1 
016 — #14 3/16 *—] numbers for receptacles in resilient inserts 


—2 numbers for receptacles in rigid inserts 


TABLE 6-2 
Taper Pin Tooling — AMP Standard 53 Series, Non-Insulated 


Wire Size Insulation Crimping Insertion Extraction 
(AN) Dia. Range Tool Tool® Tool 
24 — 22 .040 — .060 48698 380310-—1 or ~2 380305-1 

.065 — .080 47042 380310-—3 or —4 380305-1 
20 - 18 .060 — .080 45766 380310—3 or —4 380305—1 
.080 — .100 47043 380310—3 or ~—4 38 505-1 
18 — 16 100 — .125 47044 380310—3 or —4 380305-1 


*—1 or —3 numbers for receptacles in resilient inserts. 
—2 or —4 numbers for receptacles in rigid inserts. 


AMP TOOL NO. 46222 


AMP TOOL NO. 46222 


LOCATOR 


ADJUSTMENT PINS IN #3 POSITION 





Figure 6—5. Positioning Taper Pin in 
Figure 6-4. Crimping Tool Insulation Adjustment AMP Crimping Tool 
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6-12. CRIMPING PROCEDURE FOR BURNDY TAPER 
PINS. Using the proper tool and die from table 6—4, 
crimp Burndy taper pins on wire following the procedure 
outlined in 6—11, omitting stepc. Make sure the taper 
pin is inserted into the porper die notch as listed in 
table 6—4. Refer to figure 6—1b. 


6-13. CRIMPING PROCEDURE FOR SPECIAL AMP 
TAPER PINS. Before crimping taper pin to wire, deter- 
mine the tool insulation adjustment as follows: (Refer 
to figure 6—Ic.) 


a. Loosen the Allen head screw at the top of the 
crimping tool listed in table 6-5. 


TABLE 6-4 


Taper Pin Tooling — Burndy .053 Series 





Wire Size Insulation Crimping Tool M8ND Insertion Extraction 
(AN) Dia. Range (Die Sec) (Notch) Tool Tool 
14 — 16 .088 — .113 NI4TCHT-1 = A TT14 TX14 
.056 — .083 -l1 A TT14 TX14 
095 — .123 -ll A TT1L4G1 TX14 
.072 — .098 -l A TT14 TX14 
.050 — .076 -l A TT14 TX14 
18—20—22 .088 — .115 NI4TCHT-1 A TT14 TX14 
.056 — .083 -l1 A TT14 TX14 
095 — .123 -ll A TT14G1 TX14 
.072 — .098 -l A TT14 TX14 
.050 — .076 -l B TT14 TX16 
22-24-26 .088 — .113 NI4TCHT-1 A TT14 TX14 
.072 — .098 -l A TT14 TX14 
.050 — .076 -l1 B TT16 TX16 
.040 — .057 -l B TT16 TX16 
-029 — .040 -l B TT16 TX16 
TABLE 6-5 e. Check insulation grip by bending wire back and 
forth. If wire is firmly gripped lock the insulation 
Taper Pin Tooling — Special AMP 53 Series crimping die. 
tas f. If wire is loose, repeat above procedure with in- 
: ‘ a Sas ge ace sulation adjustment pin successively in positions #3, 
Wire Size Crimping Insertion—Extraction ; : a f 
#2 and el until satisfactory grip is obtained. Lock 
(AN) Tool Tool bot a ; 
——— ——_——_. crimping die. 
g- Cut wire to length and strip to dimension given 
#24 — 22 59480 380565-6 ba table Gel: 
#18 — 20 59480 380565-—6 h. Insert the taper pin inthe crimping die above the 
° ° ° ° ‘ the 
+16 59480 3805656 color dot matching the pin insulation. Make sure 


b. Turn insulation adjustment pin to position #4. 


c. Place taper pin in the die above the matching 
color dot so that the taper pin collar is flush against 
the locator and the barre! is seated onthe crimping die. 


d. Insert a piece of unstripped wire of the size to 
be used into the terminal barrel and crimp. Remove 
assembly. 
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taper pin collar is firmly against the locator, and that 
the barrel is securely seated in the crimping die. 


i. Press the quick take-up trigger and squeeze the 
tool handles just enough to hold che terminal barrel 
firmly in the die. 


j- Insert the stripped wire into the taper pin barrel; 
make sure the insulation is hard against the inside 
chamfer of the pin. 








k. Hold the wire firmly in place, and close the tool 
handles until the ratchet releases. 


1. Open handles and remove the crimped assembly. 
6-14. INSERTION OF TAPER PINS. 


6—15. INSERTING AMP STANDARD TAPER PINS IN- 
TO RECEPTACLES. Using the correct tool from tables 
6-2 or 6-3, proceed as follows: 


a. Slip the narrow slot at the front of the tool tip 
over the wire barrel of the taper pin. The extreme end 
of the tool tip should butt against the stop at the front 
of the barrel. 


b. Hold the wire against the tool body with one 
finger. 


c. Hold thetaper pin block or connector firmly 
against a flat surface, and insert the taper pin into the 
receptacle. 


d. With the tool (and wire) perpendicular to the re- 
ceptacle face, push straight in until the taper pin is 
in place. 


CAUTION 


Insert taper pin with one steady stroke; do not 
use more than one stroke as this may damage 
the receptacle. 


e. Tilt che tool slightly away from the slot side, 
and slide it off the taper pin. 


f. If pull tese is desired, before removing the tool 
from the taper pin, pull straight back slowly onthe hex- 
agonal sleeve of the tool, until the sleeve just barely 
moves. Stop pulling; if the taper pin remains in place 
the connection is good. If the taper pin pulls out, re- 
insere it. If it still pulls out, the receptacle and pin 
should be replaced. 


6—16. INSERTING BURNDY TAPER PINS INTO RE- 
CEPTACLES. Insert Burndy taper pins into their 
matching receptacles as follows: 


a. Select the proper tool from table 6—4. 


b. Place the taper pin in the tool from the side, and 
turn the tool sleeve to enclose the pin in the tool. 


c. Insert the taper pin into the receptacle following 
the procedure outlined in 6—15, steps b through e. 


d. Pull-test the inserted taper pin with Burndy TR 
tool, shown in figure 6—6. Place the tip of the test tool 
around the inserted taper pin and apply tension. If the 
pin is firmly seated the test tool will release without 
disturbing ‘the connection. 


6-17. EXTRACTION OF TAPER PINS. 


6-18. EXTRACTING TAPER PINS FROM RECEP- 
TACLES. Using the extracting tools listed in tables 
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Figure 6~6. Pull Test Tool (Burndy TR) 


6-2, 6-3, or 6—4, extract taper pins from receptacles as 
follows: 


a. Insert the forked foot of the tool under the taper 
pin collar. 


b. Pull back slightly on the handle toextract the pin. 


6-19. INSERTING AND EXTRACTING SPECIAL AMP 
TAPER PINS. The special AMP taper pins used with 
Chance Vought’s molded harness are inserted and ex- 
tracted with the tool described in 6—9. The procedure 
for using this tool is as follows: (Refer to figure 6—3). 


a. Insertion: 


1. Hold the knurled tip part of the tool in one hand, 
and with the other hand pull che knurled tool handle 
back (away from tip)as faras possible. Place the taper 
pin with wire attached inthe cavity of the tool tip, with 
the taper pin shoulder lodged in the shoulder slot ad- 
jacent to the tip. 


2. Holding the pin firmly in the tip with one hand, 
push the tool handle forward (toward the tip) so that 
the pin and attached wire are held captive by the key. 


3. With the taper pin receptacle block secured to a 
firm backing plate, position the taper pin into the re- 
ceptacle. 


4, Make sure that the tool, taper pin and receptacle 
are all in a straight line, with tool perpendicular to the 
plane of the receptacle block; then push the tool handle 
steadily toward the receptacle block until the tool trips. 
A single stroke only is required to properly secure the 
taper pin. Added strokes may limit the re-insertion life 
of the taper pin. (See 6-8 note) 


5. Pull test the connection by pulling slowly and 
steadily on the knurled tool handle until the key re- 
leases. If the taper pin remains in place, the connec- 
tion is secure. If the pin pulls out, re-insert and test 
again. If it pulls out again, replace the taper pin. 


6. When a secure connectionhas been made, remove 
the tool by sliding the tip sideways away from the 
shoulder of the pin, and carefully disengage the tool 
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from the inserted taper pin, adjacent pins and block 
barriers. 
b. Extraction: 


1. Engage the taper pin with the tool in the same 
way as the insertion procedure. 


2. Push the extraction lever down to extract the 
taper pin. 


3. Raise tool to withdraw taper pin from receptacle. 


6-20. CHECKING INSERTION-EXTRACTION TOOL. 
The correct trip pressure (16 to 17 pounds) and the cor- 
rect pull test pressure is set into the tool at the fac- 
tory and locked. Special calibration equipment is re- 
quired to carry out this procedure. Adjustment and 
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calibration of this tool can be made only at the factory 
or at a factory-authorized calibration station. Approx- 
imate force measurements may be obtained in the field 
as follows: 


a. Testche trip pressure on a properly zeroed scale 
reading directly in pounds. Place the tip of the tool at 
the center of the plate or pan, holding the tool perpen- 
dicular, and push slowly downward until the tool trips. 
Scale should read 16 to 17 pounds. 


b. Measure the pull-test tension witha spring scale. 
Tie the tip of the tool to the scale and using a slow 
steady pull, note the pull in pounds required to snap 
the locking key into the open position. Scale should 
read 8-1/2 to 12—1/2 pounds. 
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SECTION VII 
THERMOCOUPLE WIRE SOLDERING 


AND INSTALLATION 
7-1. INTRODUCTION. ANS542 Terminal—Thermocouple 
AN5548 Terminal—Lug, Thermocouple, Chromel 


7-2. GENERAL. Thermocouples are used throughout 
the aircraft ro detect and measure temperature changes. 
Thermocouples are prefabricated into spark plug gas- 
kets, bayonets for insertion into oil sumps and probes 
for use in exhaust stacks. These thermocouples are 
supplied with short leads, usually 12 inches long, and 
end in terminals such as AN5548 or AN5539. The in- 
stallation mechanic fabricates extension leads to carry 
the voltages generated by the thermocouple ‘to the in- 
dicating instruments. The components of a thermo- 
couple system are designed to have a high degree of 
accuracy; correct installation by a good mechanic will 
maintain this accuracy. 


7-3. SCOPE. This section describes and illustrates re- 
commended procedures for fabrication and installation 
of thermocouple extension leads. 


7-4. The importance of good workmanship in the fab- 
rication and installation of thermocouple wires cannot 
be over-emphasized. A good mechanic is careful to be 
neat and thorough in soldering and installing wires. 


7-5. REFERENCE SPECIFICATIONS AND DRAWINGS. 


O-F-499 Flux, Brazing, Sliver Alloy, Low Melt- 
ing Point 

QQ-S-561 Solder, Silver 

QeS571 Solder, Lead Alloy, Tin-Lead Alloy, and 
Tin Alloy 

MIL-T-713 Twine and Tape, Lacing and Tying, (For 
use in Electrical and Electronic Equip- 
ment) 

MIL-W-5088 Wiring, Aircraft, Installation of 

MIL-T-5679 Thermocouple Leads, Iron and Constant- 
an, Chromel and Alumel, and Copper and 
Constantan, Installation of 

MIL-W-5845 Wire, Electrical, Iron and Constantan, 
Thermocouple 

MIL-W-5846 Wire, Electrical, Chromel and/or Alumel, 
Thermocouple 

MIL-W-5908 Wire, Electrical, Copper and Constantan, 
Thermocouple 

MIL-S-6872 Soldering Process, General Specification 
for 

AN5537 Connector As sembly-Thermocouple Lead 

AN5538 Terminal—Thermocouple Lead Soldering 

ANS539 Terminal—Thermocouple, Brass 





and Alumel 


AND 10406 Thermocouple Leads—Iron—Constantan, 
Installation of 

MS3 3560 Thermocouple Leads, Chrome] and Alu- 
mel 8ohm System, Copper and Constant- 
an, 22 ohm systen, Installation of 

MS33599 Thermocouple Leads—Iron—Constantan, 
2 ohm and 8 ohm System, Installation of 

7-6. DESCRIPTION -— THERMOCOUPLE WIRE 


LEADS. See figure 7-1. Thermocouple extension wires 
are paired in a braided jacket and color-marked as 
listed in table 7—1. The material for extension leads 
is the same as the thermocouple material. Iron-con- 
stantan extensions are used for iron-constantan thermo- 
couples, chromel-alumel extensions for chromel-alumel 
thermocouples, and copper-constantan extensions for 
copper-constantan thermocouples. 


SINGLE TRACER 


OUTER JACKET 


INSUL ATION 


CONDUCTOR 


Figure 7—1. Thermocouple Wire 


7-7. DESCRIPTION-THERMOCOUPLE TERMINALS 
AND CONNECTOR. See figure 7—2. Selection of ter 
minals for thermocouple wiring is governed by AND 
Drawing 10406, and Military Standard Drawings MS- 
33560 and MS33599. The selection is based on loca- 
tion withinthe airframe, and on temperature conditions. 
Hot areas are those subject to high temperature, such 
as engine section, exhaust pipe, etc. Cool areas are 
those on the side of the firewall away from the engine 
or other heat producing elements. Where the tempera- 
ture does not exceed 250 F, use terminals listed in 
table 7—2 (dervied from Drawings AND10406, MS33560 
and MS 33599). 
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Outer jacket 
base color: 

Tracer color: 

Temperature 
limit of 
insulation: 


Outer jacket 
base color: 

Tracer color: 

Temperature 
limit of 
insulation: 


Outer jacket 


base color: 
Tracer color: 


Temperature 
limit of 
insulation: 
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TABLE 7-1 


Thermocouple System 


a. Iron Constantan Systems 


Conductor insulation Color 
Iron Black 
Constantan Yellow 


Type II — 8 ohms per 100 ft. 


Class A Class B 
Light blue Light blue 
None One red 


120°C (248°F) 230°C (446°F) 12 


b. Chromel—Alumel System 


Conductor Insulation Color 
Chromel White 
Alumel Green 


Type II, Class A 
7 ohms per 25 ft. 


Type Ill, Class A 
7 ohms per 50 ft. 


Polarity 


Positive (+) 


Negative (—) 


Type III — 8 ohms per 200 fe. 


Class A Class B 
Light blue Light blue 
Two Black Two red 
0°C (248°F) 230°C (446 F) 


Positive (+) 
Negative (—) 
Type IV, Class A 
7 ohms per 100 fe. 


White White White 
One green Two green Three green 
315°C (600°F) 315°C (600°F) 315°C (600°F) 


c. Copper—Constantan System 


Conductor Insulation Color 
Copper Red 
Constantan Yellow 


Polarity 


Positive (+) 


Negative (—) 


Type If — 7 ohms per 200 feet 


Class A Class B 
Black Black 
One White Two White 


120°C (248°F) 


230°C (446°F) 


AN5539-1 
AN5548-1 


AN5539-2 
AN5548-2,4,6,8 


INSUL ATION GRIP 


WIRE GRIP 


TIN THIS AREA RING TONGUE 





Figure 7-2. Thermocouple Terminals 


TABLE 7-2 
Thermocouple Terminals 
Hot Areas Cool Areas 
(Silver Soldered) (Tin-elead Soldered) 
Iron—Constantan AN 5539 AN 5538 
Chromel- Alumel AN 5548 AN 5538 
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Dash letters after basic numbers indicate whether ter- 
minal is plain or lock type, except for AN 5538, where 
dash number indicates change in size only. 


CAUTION 


Do not use solderless terminals on thermo- 
couple wire unless specified in applicable 
engineering drawing. 


Thermocouple connector An 5537 as shown in figure 
7—3 is used to carry thermocouple connections through 
firewalls. This is a plug and jack connection, supplied 
with an insulating plate for attachment to the firewall. 
Plugs and jacks are suppliedin chromel-alumel or iron 
constantan combinations. The jack part of the connec- 
tor is installed on the cool side of the firewall. The 
pin plug part of the connector is installed on the hot 
side of the firewall, 


7-8. DESCRIPTION - THERMOCOUPLE CONTACTS 
IN MS CONNECTORS. MS type connectors may be sup- 
plied with iron-constantan or chromel-alume! contacts 
in sizes #12, #16 or #20 in some insert arrangements 
for thermocouple connections. These contacts are 
coded to identify the material. (See table 7-3). 


7-9. DEFINITIONS. 


a. Soft solder amixture of 60% tin and 40% lead, as 
specified in Federal Specification QQS-571. It may 
be in bar form to be melted for tinning, or in the form 
of rosin core solder wire for use with soldering iron. 


b. Hard solder-sliver alloy with flow point at approx- 
imately 635 C (1175 F),as specified in Federal Speci- 
fication QQ-S-561. 


c. Solf solder flux. For use with soft solder, flux 
is pure water-white rosin (FederalSpecification 
LI.L-R-626), if necessary powdered and mixed toa 
pastelike consistency with denatured alcohol. Other, 
more active soldering fluxes may be necessary. See 
7—26 for details. 


d. Hard solder flux. For use with hard solder, flux 
is borax or other similar material (Federal Specification 
O-F-499) mixed to a paste-like consistency with water. 


e. Soldering and brazing. For purposes of this sec- 
tion, the term ‘‘soldering’’ includes soft soldering, 
silver (hard) soldering and brazing. 


7-10. THERMOCOUPLE WIRE PREPARATION. 


7-11. CUTTING AND IDENTIFYING THERMO 
COUPLE WIRE. Cut thermocouple wire with diagonal 
pliers co length specified in drawing. Cut so that end 
is clean and square. Identify wire with sleeves as de- 
scribed in section II, paragraph 2—24. If oucer covering is 
removed more than three inches from termination, install 


sleeve just back of serving at branching point (refer to 
7—24). 
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HOT SIDE OF FIREWALL 











SOCK ET-IRON OR CHROMEL 
INSUL ATION BLOCK 


PLUG-IRON OR CHROMEL 


SOCKET-CONSTANTAN OR ALUMEL 


PLUG CONSTANTAN OR ALUMEL 


COLD SIDE OF FIREWALL 


Figure 7-3. Thermocouple Connector Assembly (AN5537) 


7-12. STRIPPING THERMOCOUPLE WIRE. Remove 
outer covering of thermocouple wire witha knife by slit- TRIPLE TRACER 
ting between parallel conductors and trimming the fab- } 
ric braid with scissors or diagonal pliers. The stripping 
dimensions for each use are shown in figures 7—4 through 
7—6. Note that longer stripped lengths are required if 
the wires are to be resistance tinned. 


DOUBLE TRACER 


JLX\2 1/4"") 
Salt 
(19 7 


1 3/4" 


(3.1/2"") VY 
(3/4") 


NOTE: THE DIMENSIONS IN BRACKETS ARE FOR 
RESISTANCE TINNING PROCEDURE 





Figur2 7-5. Stripping Thermocouple Wire for 
Splice Installation 





(3/4"") 7-13. Usea hand stripper, as illustrated in section II, 
figure 2-21, for removing the primary insulation from 
NOTE: THE DIMENSIONS IN BRACKETS ARE FOR each conductor. 
RESISTANCE TINNING PROCEDURE 
CAUTION 


Figure 7—4, Stripping Thermocouple Wire for 
Terminal and for AN 5537 Connector Installation Do not cut or nick strands of the conductor. 
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(2 1/2"") | 


NOTE: THE DIMENSIONS IN BRACKETS ARE FOR 
RESISTANCE TINNING PROCEDURE 


Figure 7—6. stripping Thermocouple 
Wire for MS Connector Installation 


7-14. CLEANING WIRE PRIOR TO SOLDERING. 


Clean stripped conductor, if necessary, as follows: 


Remove grease and dirt by washing with Stoddard’s 
solvent. Rinse in methylene chloride for no longer than 
five seconds. 


CAUTION 


Do not use extraheat and special fluxes as a 
sibsticute for clean soldering surfaces. 


7-15. HARD SOLDERING THERMOCOUPLE WIRE. 


7~16. TORCH TINNING WITH SILVER SOLDER. Be- 
fore wires are soldered to terminals or other connec- 
tions they are tinned. The inability to obtain a good 
tinned surface indicates that the wire was not clean. 
The procedure for torch tinning is as follows: (See fig- 
ure 7—7) 


a. Dip half of exposed, clean conductor into hard 
solder flux. 


b. Protect wire insulation with notched copper sheet 
shield, to prevent scorching. 


c. Apply flame to wire until flux bubbles. Then 
feed small amount of silver solder in wire form to flux- 
ed area while flame is kept there. After the silver 
solder has flowed remove the flame and allow che wire 
to cool in the air. 


CAUTION 


Silver solder will flow and adhere to conduc- 
tor at approximately 635°C (1175°F), Avoid 
greater heat thennecessary. Excess heat will 
decompose flux and prevent alloying of silver 
solder to the wire. 
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SILVER SOLDER 
IN WIRE FORM 


SHIELD 


FLUX THIS AREA ONLY 


DIAMETER 
OF CONDUCTOR 


DETAIL OF SHIELD 
MATERIAL: COPPER SHEET 





Figure 7~7. Torch Tinning Thermocouple Wire 


7-17, DIP TINNING WIRE WITH SILVER SOLDER. 
Thermocouple wires can be dip tinned in molten silver 
solder if a solder pot capable of maintaining the re- 
quired 635°C (1175°F) heat is available. The process 
is similar to that used in dip tinning copper wire in 
sofe solder as described in section II, paragraphs 2-53. 


The procedure for dip tinning with silver solder is as 
follows: (See figure 7—8) 


a. Dip half of exposed, clean conductor into hard 
solder flux. 


b. Dip fluxed conductor into solder pot, Do not dip 
conductor deeper than one half of exposed area. 
Note 


Powered borax sprinkled over top of molten 
solder will retard oxidation of solder and aid 
alloying of silver solder to the wire. 


c. After solderhas flowed between strands, remove 
the wire and allow it to cool in air. 
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NOTE: DIP WIRE ONLY 
72 OF EXPOSED LENGTH 


HARD SOLDER 
FLUX 


SPRINKLE POWDERED BORAX 
ON SURFACE TO RETARD 
OXIDATION 





NOTE: TIN ONLY 1/2 
OF EXPOSED LENGTH 


-* 
= Ss 


a< | . 
os 8 


Figure 7-8. Dip Tinning Thermocouple 
Wire in Silver Solder 


~ 






\ 
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7-18. RESISTANCE TINNING WIRE WITH SILVER 
SOLDER. Electrical resistance heat is a good method 
for silver soldering thermocouple wires. Usea unit 
which has a capacity of 1000 watts. See figure 7—9. 
Wire which is to be tinned by means of electrical re- 
sistance should be stripped 1/2 inch longer than wire 
which is to be diptinned or torch tinned. The extra 
1/2 inch provides aholding area which is removed after 
tinning is complete. See figures 7—4 through 7—6 for 
Stripping dimensions. The procedure for resistance 
tinning is as follows: 


a. Apply hard solder flux to area to be tinned. This 
is an area about 1/8 inch long as shown in figure. 


b. Grasp end of wire in resistance heating pliers. 
Grasp wire only as shown. 
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HOL DING—>| r= 
I nar CERCLA 
=] es FLUX AND TIN 


THIS AREA ONLY 





Figure 7~9. Resistance Heating to Tin Wire 


c. Apply current for approximately five seconds and 
then touch silver solder wire to area previously fluxed. 


d. After solder has flowed between strands, shut off 
the current and allow the wire to cool in air. 


CAUTION 


Do not overheat the wire by allowing the cur- 
rent to remain on longer than necessary to 
flow the silver solder. 


e. Trim off the holding area of the exposed conduc- 
for. The conductor should be trimmed with diagonal 
pliers to the point of tinning. 


7-19. ‘TINNING TERMINALS WITH SILVER SOLDER. 
Tin only section of thermocouple terminals inside wire 
gtip as shown in figure 7~2. Terminals for silver sold- 
ering should not be plated. 


CAUTION 


Do not allow any flux or solderto geton the 
insulation grip or on the ring tongue. 


a. With a brush, apply a small amount of hard solder 
flux to the area to be tinned. 


b. Using a torch or the resistance heating pliers, 
melt a thin coat of silver solder onto inside of wire 
grip. See figure 7-10 for use of resistance heating 
pliers in this operation. 


c. Allow terminal to cool in air. 
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FLUX AND TIN THIS AREA 


Figure 7-10. Resistance Tinning of Terminal 


7-20. PROCEDURE FOR ATTACHING TERMINALS 
TO THERMOCOUPLE WIRE. Secure terminal to ther- 
mocouple wire as follows: 


a. Flux previously tinned areas of terminal and wire. 


b. Install terminal on wire so that insulationis flush 
with or protrudes slightly beyond insulation grip. The 
tinned portion of the conductor should then be inside 
the wire grip. (See figure 7-11). 


c. Crimp wire grip over conductor using modified 
crimping tool illustrated in figure 7-12. 


Note 


Do not crimp insulation grip until after sold- 
ering operation. The heat of soldering may 
damage insulation if insulation grip is tight 
during soldering. 


7-21. TORCH SOLDERING TERMINALS TO THER- 
MOCOUPLE WIRE, (See figure 7-11). 


a. Use copper shield to protect insulation. 


b. Heat joint until flux bubbles and then apply sil- 
ver solder wire to joint as shown. Keep flame in mo- 
tion to assure uniform heating. 


c. When solder has flowed down into wire grip, re- 
move flame and allow joint to cool without disturbing 
it. Note that AN 5539 terminals require reinforcement 
with silver solder at indicated areas. See figure 7-13. 


CAUTION 


Do not allow solder to flow onto ring tongue 
as this will prevent proper assembly into 
system. 
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CRIMP WITH TOOL MODIFIED 
AS SHOWN IN FIGURE 7-12 


PRE-TINNED WIRE 


SHIELD COPPER SHEET 


SILVER SOLDER 


FLUX THIS 
AREA ONLY 


CRIMP WITH TOOL MODIFIED 
AS SHOWN IN FIGURE 7-12 


INSUL ATION FLUSH OR 
SLIGHTLY PROTRUDING 


NO SOLDER OR FLUX 
RESIDUES ON TONGUE 


SMOOTH FILLET 


NOTE: WHEN NECESSARY, EARS MAY BE CLIPPED 
SO THAT ENDS BUTT AFTER CRIMPING 


Figure 7-11. Silver Soldering Thermocouple 
Wire to Terminal 
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GRIND TEETH TO BASE 
MODIFIED TOOL 
Figure 7-12. Modified Crimping Tool for 


Thermocouple Terminals 





REINFORCE THESE AREAS WITH SILVER 
SOLDER WHEN SOLDERING WIRES 


BEND LOCKNUT 
TO TIGHTEN 





Figure 7-13. Reinforcing Solder on 
AN 5539 Terminals 


7—22. RESISTANCE SOLDERING TERMINALS TO 
THERMOCOUPLE WIRE. 


a. Grasp terminal and wire assembly, prepared in 
accordance with 7—20, at wire grip area. The resistance 
heating pliers are tobe in the position shown in figure 
7- 10. 


b. Apply current until flux bubbles then apply silver 
solder wire to connection from conductor end of as sem- 
bly. 


c. Contine to apply heat and watch for flow of 
solder inside wire grip. When solder is visible at op- 
posite end of wire grip from where it was applied, tum 
off current. 


d. Allow assembly to solidify before removing from 
pliers. 


7-23. CLEANING AND COMPLETING SILVER SOLD- 
ERED TERMINAL CONNECTIONS. After the silver 
solder has solidified and cooled, the junction must be 
completed as follows: 


a. Remove flux residues with warm water and a bris- 
tle brush, and then dry thoroughly. 


b. Secure insulation grip on insulation using modi- 
fied crimping tool shown in figure 7—12, The final re- 
sult is shown in figure 7—11. 


Note 


Insulation grip ears may be trimmed so they 
butt. 


c. Examine junction to be sure that silver solder 
has alloyed to wire and terminal, Examine also to be 
sure that insulation has not been scorched. Rework 
any connection that is defective, 


d. Coat areas indicated in figure 7—14 with zinc 
chromate brushing compound. 


e. Serve the completed extension lead at branching 
point as described in 7—24, and shown in figure 7—14. 


7-24. SERVING THERMOCOUPLE WIRE. After sold- 
ering operation has been completed, and solder has 
cooled, serve thermocouples at the branching point as 
shown in figure 7-14, Use nylon or waxed cotton cord 
in cool areas, and fiberglass cord in hot areas. Coat 
the serving with clear lacquer. The serving will pre- 
vent unraveling of the outer jacket. 


7-25. SOFT SOLDERING THERMOCOUPLE WIRE. 


7-26. TINNING WIRE FOR SOFT SOLDERING. Tin 
thermocouple wire for soft soldering in the same man- 
ner as copper wire as described in section II, paragraphs 
2—49 through 2—55. Either dip tinning or soldering iron 
tinning is satisfactory. Occasionally, if wires are ox- 
idized, rosin-alcohol flux may notdo a satisfactory job 
of tinning; if this happens use the following: 








STEP 2 





STEP 3 






APPLY CLEAR 
LACQUER 
TO THIS AREA 


APPLY ZINC CHROMATE | See, oi 
BRUSHING COMPOUND (PM, 
TO THESE AREAS 


STEP 4 


Figure 7-14. Serving Thermocouple Wire 
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Lactic acideglycerin-rosin mixture made by mixing 
(by weight) one part of lactic acid(C.P.) with one 
part glycerin (U.S.P.), and adding three parts pure, 
freshly powdered rosin. 


Note 


When Soldering-iron method is used, use a 
soldering iron of 200 to 250 watts capacity 
for tinning thermocouple wires. 


7-27. TINNING TERMINALS FOR SOFT SOLDERING. 
Tin terminal section inside wire grip, using a 200 to 
250 watt soldering iron, and rosin core solder. Do not 
allow flux or solder to get on the insulation grip or on 
the ring part of the tongue. 


Note 


Terminals for use with soft solder should be 
cadmium plated. 


7-28. PROCEDURE FOR SOFT-SOLDERING WIRE 
TO TERMINALS. 


a. Install terminals on thermocouple wires asdes- 
cribed in 7—20, and illustrated in figure 7-11. 


b. Soft solder, using 200 to 250 watt iron and rosin 
core solder. Make sure that solder flows inside wire 
gtip and forms a smooth fillet. 


CAUTION 


For soft-soldering, do not use any flux other 
than rosinealcohol, regardless of flux used 
for tinning. 


c. Remove excess flux by scrubbing with brush and 
denatured alcohol. 


d. Bend insulation grip ears around insulation using 
modified crimping tool shown in figure 7-12. Trim ears 
so they butt flush around small wires. See figure 7-11. 


e. Coat areas indicated in figure 7-14 with zinc 
chromate brushing compound. 


7-29. PROCEDURE FOR SOLDERINGWIRE TO MS 
CONNECTORS. Thermocouple contacts in MS series 
connectors are not tinned by the manufacturer. There- 
fore itis necessary to properly tin these contacts with 
soft solder before thermocouple wire is soft soldered 
into place. MS connector contacts must be removed 
from inserts for soldering because of the extra heat 
needed to raise thermocouple wire to solder tempera- 
ture. Best results are obtained when electrical resis- 
tance heating pliers are used to tin the contact and 
also for soldering wire into contact. The procedure for 
tinning and soldering is as follows: 


a. Tin contact by use of resistance heating pliers 
or torch. Use rosin-alcohol flux and 60/40 tin-lead 
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solder or, if necessary use flux described in 7—26, with 
the same 60/40 tin-lead solder. 


b. Remove flux residues. Rosin residues are remov- 
ed by brushing vigorously with Stoddard’s solvent or 
with denatured alcohol. Lactic acid flux is removed 
by brushing in warm water. Dry each tinned contact 
thoroughly before proceeding with next step. 


c. Check contact coding and wire coding carefully 
to avoid mismatch of materials. See tables 7—]1 and 7—3. 


CAUTION 


It is important that thermocouple materials 
match. Make sure that the thermocouple wire 
is solderedto a contact of the same material. 


d. Insert properly pretinned wire into contact and 
solder using resistance pliers or torch. Use only rosin 
core solder for this operation. See figure 7-15. 


ROSIN CORE TIN-LEAD SOLDER 


PRE-TINNED WIRE 


Giey) 


= 
mat 


BLOCK OF 
INSUL ATING 
MATERIAL 
PRE-TINNED 
CONTACT 


iN 





Figure 7-15. Torch Soldering Thermocouple 
Wire to MS Connector Contact 


-¢. After solder has flowed and alloyed, allow cone 
nection to cool without motion. Then remove flux re- 
sidues with Stoddard’s solvent or denatured alcohol. 


f. Examine joint to be sure solder has flowed to 
form smooth fillet, and that no solder is left on outside 
of solder cup. 


g- Reassemble contacts into MS Connector as dese 
cribed in section Ill, paragraphs 3—57 through 3—73. Be 


careful to reassembly each contact into the hole from 
which it was removed, 
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Note 


For chromel and alumel contacts, in addition 
to visual inspection of the contact stamping, 
further material verification, separation of 
contacts during connector assembly, and in- 
spection verification after assembly can be 
made with the aid of a magnet if desired, as 
a magnet will attract the alumel contact but 
not the chromel contact. 


7-30. PROCEDURE FOR SOLDERING WIRE TO AN- 
5537 FIREWALL CONNECTOR. Thermocouple wires 
are brought through firewalls by means of AN5537 fire- 
wall connectors. To preserve the integrity of the sys- 
tem, it is necessary to hard solder wires to the con- 
nector on the hot side of the firewall. The cool side 
of the firewall may be either hard or soft soldered. 


CAUTION 


Be careful to connect wire leads to mating 
materials of connector. Connector plugs and 
sockets are coded with letters to indicate 
materials. Sizes are also different to aid in 
quick identification. (See table 7—4 for code), 


The procedure for attaching wires is as follows: (See 
figure 7—3). 


a. Disassemble connector as shown. Slide nuts 
over the pretinned leads which will be installed on the 
hot side of the firewall. 


b. Tinthe wire grips ofthe socket assemblies using 
hard solder as described in 7—19. 


c. Assemble and hardesolder wires to socket assem- 
blies as described in 7—20 through 7—22. 


d. Complete assembly of hot side wires by cleaning, 
crimping insulation grips and coating with zinc chromate 
brushing compound as described in 7—23, 


e. Attach plugs to wires oncold side of firewall by 
using hard or soft solder as required on applicable draw- 
ing for the specific installation. The method of attach- 
ment, soldering, cleaning, etc., is the same as that 
previously described. 


7-31. THERMOCOUPLE WIRING INSTALLATION. 


7-32. CONNECTING THERMOCOUPLE SPLICES. 
(See figure 6~16.) Connect thermocouple splices as 
follows: 


a. Slide sleeve over one lead. 


b. Bend locknut of lock terminal slightly before as- 
sembly to assure tightness, 


c. Bring contact areas of two terminals together, 
and pass screw through plain terminal first and then 
through locknut of lock terminal. 


d. Tighten screw securely. 


e. Slide sleeve over terminal and tie securely. 
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TABLE 7-3 


Coding for Thermocouple Contacts 
in MS Connectors 








Method of 

Manufacturer Coding Iron 

Amphenol Color White 

Bendix Letters Ir. 

Cannon Lecters IR 

TABLE 7-4 
Code for Markings on AN5537 

Material Code Size 
Iron FE Large 
Constantan CON Small 
Chromel CR Large 
Alumel AL Small 


EXTERNAL TOOTH LOCK WASHER 
STEEL, CADMIUM PLATED 


VINYL SLEEVE TIED AT BOTH ENDS 


Figure 7-16. Connecting Thermocouple Splices 


7~33. MOUNTING AN5537 CONNECTOR ASSEMBLY. 
AN5537 firewall connector assemblies are mounted as 


follows: (See figure 7—3). 


a. Attach insulating block cto firewall on hot side. 
Bosses on block should fit into holes in firewall so 
that block face is flush against wall. 


b. Push socket assemblies through holes and lock 
into place with coupling nuts. 


c. Pushplugs into socket assemblies from cold side 
of firewall. 





Code 
Constantan Chromel Alumel 
Red Green Orange 
Con. Ch. Al. 
CO CH AL 


7-34. ROUTING THERMOCOUPLE WIRING. Route 
thermocouple wiring as described generally in section 
XIV. In addition observe the following special precau- 
tions: 


a. Support thermocouple wiring so it will not come 
into contact with heat producing surfaces such as ex- 
haust pipe or combustion chamber at any point. 


b. Do not bend thermocouple leads sharply. 


c. Do nor splice thermocouple leads except where 
specifically indicated and then only with approved 
splices such as shown in figure 7-16, 


d, Protect adjacent wiring against abrasion from 
thermocouple splices as described in 7—35. 


e. Route thermocouple wiring away from hot spots. 


7-35. PROTECTION. Insulate thermocouple spliced 
terminal connections with sleeves to protect the insu- 
lation of adjacent wires from abrasion. Use plastic 
sleeving in cool areas, and silicone impregnated rub- 
ber or glass sleeving in hot areas. Tie sleeving se- 
curely at both ends, 


CAUTION 


Do not use sleeving as a substitute for safe 
rout ing. 


7-36. SLACK IN THERMOCOUPLE WIRING. (See fig- 
ure 7—17,) Thermocouple wire installations require the 
use of fixed wire lengths to maintain a spec ified re- 
sistance. The slack that results should be distributed 
by one of the following methods: 


a. Distribute excess slack evenly between wire sup- 
ports, as shown in figure 7—17a. 


b. If sufficient slack is available, cake it up, at a 
support, in the form of a loop of which the diameter is 
at least 20 times the thickness of the thermocouple 
wire, as shown in figure 7—17b. 
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b. COILED SLACK 





Figure 7-17. Distributing Slack in 
Thermocouple Wire 


CAUTION 


Do not bend thermocouple leads to less than 
a two inch radius. When calibration resistors 
are used in the circuit to adjust for short 
lengths, do not allow any excess slack, ex- 
cept for approximately three inches at each 
end for maintenance. 
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SECTION Vill 
BONDING AND GROUNDING 


8-1. INTRODUCTION. 
8—2. GENERAL. Bonding and grounding connections 
are made in aircraft for the following purposes: 


a. Toprotect aircraft and personnel against hazards 
from lightning discharge. 


b. To provide power current return paths. 
c. To prevent development of RF potentials. 
d, To protect personnel from shock hazard. 


e. To provide stability and homogeneity of radio 
transmission and reception. 


f. To prevent accumulation of static charge. 

g. To provide fault current return paths, 
8~3. SCOPE. This section describes and illustrates 
the recommended procedures to be followed in the pre- 
paration and installation of bonding and grounding con- 
nections, 
8-4. REFERENCE SPECIFICATIONS. 
MIL-M-3171 


Magnesium Alloys; Processes for Cor 
rosion Prevention of 


MIL-B-5087 Bonding, Electrical, for Aircraft 
MIL-W-5088 Wiring, Aircraft, Installation of 


MIL-T-6094 Thinner; Dope and Lacquer (Cellulose- 
nitrate) 


MIL-P-6889 Primer, Zinc-Chromate, for Aircraft Use 


MS35083 Jumper Assemblies, Bonding and Cur- 


ruent Return 


8-5. DEFINITIONS. 


a. Bonding is the electrical connecting of two or more 
conducting objects not otherwise adequately connected. 


b. Grounding is the electrical connecting of conduc- 
ting object to primary structure, for retum of current. 


c. Primary structure isthe main frame, fuselage and 
wing structure of the aircraft (commonly referred to as 
ground), 


8-6. GENERAL PRECAUTIONS AND PROCEDURES. 
When making bonding or grounding connections in aire 


craft, observe the following general precautions and 
procedures: 


a. Bond or ground partsto the primary aircraft struc- 
ture where practicable. 


b. Make bonding or grounding connections in such 
a way as not to weaken any part of the aircrafe structure. 


c. Bond parts individually wherever possible. 


d. Make bonding or grounding connections against 
smooth, clean surfaces, 


e. Install bonding or grounding connections so that 
vibration, expansion or contraction, or relative move- 
ment incident to normal service use will not break or 
loosen the connection. 


f, Locate bonding and grounding connections in pro- 
tected areas whenever possible; locate connections 
whenever possible near hand holes, inspection doors 
or other accessible areas topermit easy inspection and 
replacement. 


g- Do not compression-fasten bonding or grounding 
connections through any non-metallic material. 


8—7. SELECTION OF HARDWARE. Hardware used to 
make bonding or grounding connections is selected on 
the basis of mechanical strength, current to be carried 
and ease of installation. Where connection is made by 
aluminum or copper jumpers to structure of dissimilar 
material, a washer of suitable material is installed 
between the dissimilar matals so that any corrosion 
which may occur willoccur in the washer, which is ex- 
pendable, rather than in the structure, which is not ex- 
pendable. 


Note 


When repairing or replacing existing bonding 
or grounding connections, be sure to use the 
same type of hardware as in the original con- 
nection. Do not make any changes. 


8-8. HARDWARE MATERIAL AND FINISH. Select 
hardware material and finish from tables 8—1, 8—2 or 8-3, 
depending on material of structure to which attachment 
is made, and material of jumper and terminal specified 
for the bonding or grounding connection. 
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SCREW OR BOLT WASHER A 
LOCK WASHER E 


STRUCTURE 


) 


WASHER C 


WASHER B S 


& 
é 
- 


PLAIN NUT 


) 


WASHER D 


TERMINAL (LIMIT TO 4) 


LOCK WASHER F LOCKNUT 


NOTE: SEE TABLE 8-1 FOR MATERIALS 


Figure 8—]. Stud Bonding or Grounding to Flat Surface 
TABLE 8-1 
Hardware for Stud Bonding or Grounding to Flat Surface 
(Refer to figure 8—1) 


Aluminum Terminal and Jumper 








Screw or Bolt; Plain Washer Washer Washer Lock-Washer Lock-Washer 
Structure Lock-Nut Nut A B C&D E F 
Aluminum Alloys Cad. Plated = Tin Aluminum Aluminum = Cad. Cad. Cad. 
Steel Plated Alloy Alloy Plated Placed Plated 
Brass Steel or Steel Steel 
Aluminum 
Magnesium Cad, Plated Cad. Magnesium Magnesium Cad. Cad. Cad. 
Alloys Steel Plated Alloy Alloy Plated Plated Plated 
Steel Steel or Steel Steel 
Aluminum 
Steel, Cadmium Cad. Plated Cad. None None Cad. Cad. Cad. 
Plated Sreel Plated Plated Plated Plated 
Sreel Steel or Steel Steel 
Aluminum 
Steel, Corrosion Corrosion Cau. None None Cad. Cor. Cad. 
Resisting Resisting Plated Plated Resist. Plated 
Steel Steel Steel or Sreel Steel 
Aluminum 
Tinned Copper Terminal and Jumper 
Aluminum Alloys Cad. Plated Cad. Aluminum Aluminum = Cad. Cad. Cad. 
Sreel P lated Alloy Alloy Plated Plated Plated 
Steel Steel Steel Steel or 
Aluminum 
Magnesium AVOID CONNECTIONG COPPER TO MAGNESIUM 
Alloys 
Steel, Cadmium Cad. Plated Cad. None None Cad. Cad. Cad. 
Plated Sreel Plated Plated Plated Plated 
Sree] Steel Steel Steel 
Steel, Corrosion Corrosion Cor. None None Cad. Cor. Cor. 
Resisting Resisting Res. Plated Resist. Resist. 
Steel Steel Steel Steel Steel 
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Sctruccure 


Aluminum Alloys 


Magnesium Alloys 


Steel, Cadmium 
plated 


Steel, Corrosion 
Resisting 


Aluminum Alloys 


Magnesium Alloys 


Steel, Cadmium 
placed 


Steel, Corrosion 
Resisting 


SCREW OR BOLT 


WASHER A 


WASHER B 


LOCK WASHER 
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TERMINAL (LIMIT TO 4) 


NUT PLATE 


RIVET OR WELD 


NOTE: SEE TABLE 8-2 FOR MATERIALS 


Figure 8~2. Plate Nut Bonding or Grounding to Flat Surface 


TABLE 8-2 


Hardware for Plote Nut Bonding or Grounding To Flat Surface 


(Refer to Figure 8—2) 


Aluminum Terminal and Jumper 


Screw or 


Bolt; Nut Plate Rivet Lock Washer 


Cad. Plated Sreel 


Cadmium 
Plated Steel 


Alum. Alloy 


Cad. Plated Sreel 


Cadmium 
Plated Sceel 


Alum. Alloy 


Cad. Plated Steel Cor. Res. Sreel Cadmium 


Plated Sreel 
Cor. Res. Sreel Cadmium 
Plated steel 


Corrosion Resist. 
Sceel or Cad. 
Plated Sreel 


Tinned Copper Terminal and Jumper 


Cad. Plated Sreel 


Cadmium 
Plared Steel 


Alum. Alloy 


Washer A 


Cad. Plated 


steel or aluminum 


Cad. Plated 


steel or aluminum 


Cad. Plated Steel 


or aluminum 


Cad. Plated Sreel 


or aluminum 


Cad. Plated Sreel 


AVOID CONNECTING COPPER TO MAGNESIUM 


Cad. Plated Sreel Cor. Res. Steel 


Cadmium 
Placed Steel 
Cor. Res. Sreel Cadmium 
Plated Sreel 


Corrosion Resist. 
Sreel 


Cad. Plated 


steel 


Cad. Plated 
Steel 





Washer B 


None 


None or Mag. 
Alloy 


None 


Cad. plated 


steel 


Alum. Alloy 


None 


None 
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SCREW OR BOLT WASHER A 


TERMINAL (LIMIT TO 4) 


WASHER B 


LOCK WASHER 
WASHER C 


LOCKNUT 


NOTE: SEE TABLE 8-3 FOR MATERIALS 





Figure 8-3. Bolt and Nut Bonding or Grounding to Flat Surface 


TABLE 8-3 


H:idvare for Bolt and Nut Bonding or Grounding to Flat Surface 
(Refer to Figure 8—3) 


Aluminum Terminal and Jumper 


“crew or 
Sue Dare dott; Lock Nut Lock Washer Washer A Washer B Washer C 
Atimiaum Alley Cad. Plated Sceel Cad. Plated Steel Cad. Plated Steel None Cad. Plated Sreel 
; or aluminum or aluminum 
Magnestum Alloy Cad. Plated Sreel Cad. Plated Steel Magnesium Alloy None or Cad.Plated Stcel 


Mag. Alloy or aluminum 


Stcecl, Cadmium Cad. Plated Sreel Cad. Plated Steel Cad. Plated Steel Cad. plated Cad. plated steel 


Plated steel or alumium 


Stcel, Corrosion Corrosion Resisting Cad. Plated Steel Corrosion Resisting Cad.placed Cad. plated steel 
Resisting Steel or Cad. plated Steel steel 
steel 


or aluminum 


Tinned Copper Terminal and Jumper 


Aluminum Alloy Cad. plated steel Cad. Plated Steel Cad. plated steel Alum Alloy Cad. plated srecl 
Magnesium Alloy AVOID CONNECTING COPPER TO MAGNESIUM 
Steel, Cadmium — Cad. plated steel Cad. Plated stecl Cad. plated stec!l None Cad. plated sceel 
Plated 
Stecl, Corrosion Corrosion Resisting Cad. Plated steel Corrosion None Cad. plated stcel 
Resisting Steel or Cad. Plated Resisting 

Stcel Steel 
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8-9. SELECTION OF STUD. Use either an AN screw 
or bole of the proper size for the specified jumper ter- 
minal. Length of screw or bolt should be such that 
when bonding or grounding connection is fully tightened 
approximately 1/8 inch of screw protrudes beyond top 
of nut. 


8-10. SELECTION OF NUTS. Use AN nuts, either 
plain or self-locking where indicated in figures 8-1 
and 8—3. Use an all-metal self-locking nut if practice 
able. Always use an all-metal self-locking nut where 
current is, or will be present. Where installation con- 
ditions require, use an AN nut-plate, riveted to struc- 
ture. 


8~11. SELECTION OF WASHERS. Use AN plain wash- 
ers and split lockwashers where indicated in figures 
8—1, 8—2, 8—3. Always use split lockwashers with nuts, 
either plain or self-locking. With aluminum terminals 
use a plain washer of at least the diameter of the ter- 
minal tongue, next to the aluminum terminal. If an AN 
washer does not meet this requirement, use a washer 
of the SAE heavy series, or a special washer made for 
this application 


8-12, SELECTION OF CABLE CLAMP. For bonding 
or grounding to cylindrical surfaces use an AN735 
clamp. Where an AN735 clamp is not available, or 
where installation conditions do not allow its use, an 
uncushioned AN742 clamp may be substituted. 


CAUTION 


Do not use cushioned clamps in any bonding 
or grounding connection. 


8-13. PREPAKATIONOF BONDING OR GROUNDING 
SURFACES. Clean bonding and grounding surfaces 
thoroughly before making the connection. Remove all 
oil, grease, paint, anodic film or other non-conducting 
material from an area slightly larger than the connection. 


CAUTION 


Do not use abrasives such as emery cloth, 
crocus cloth, steel wool, etc. These may 
leave particles imbedded in the surface or 
scattered in the area which may cause cor- 
roSive action. 


8-14, CLEANING PROCEDURE FOR ALUMINUM SUR- 
FACES. Apply a coating of petrolarum compound to 
bonding or grounding surface of aluminum structure, and 
clean surface thoroughly, using steel wire brush with 
pilot as shown in figure 8—4. Wipe off the petrolacum 
compound with a clean dry cloth. 


8-15. CLEANING PROCEDURE FOR MAGNESIUM 
ALLOY SURFACES. Prepare magnesium alloy surfaces 
for bonding or grounding as follows: 


Section VIII 
Paragraphs 8-9 to 8-18 


CLEANED SURFACES 





Figure 8-4. Steel Wire Brush With Pilot for 


Cleaning Aluminum Surfaces 


a. Remove grease and oil from surface with stod- 
dard’s solvent. 


b. Remove paint or lacquer, if present, from surface 
with lacquer thinner (Military Specification MIL-T-6094). 


c. Brush area liberally with chrome pickle solution 
(Military Specification MIL-M _.71) for one minute, then 
rinse within five seconds by brus.sing with clean water. 


d. Dry thoroughly. 


8-16. CLEANING PROCEDURE FOR STEEL SUR: 
FACES. When the surface is corrosion-resisting or 
plated steel, clean bonding or grounding surface as 
described in 8-15, steps a and b. 


CAUTION 


Do not remove zinc or cadmium plate from 
steel surfaces. 


8-17. METHODS OF BONDING OR GROUNDING. 
Bonding or grounding connections are made directly to 
a flat surface of basic structure, or toa cylindrical sur- 
face of basic structure, 


8-18. CONNECTION TO FLAT SURFACES. Bonding 
and grounding connections are made to flat surfaces 
by means of through bolts or screws where installation 
has easy access. There are three types of bolted con- 
nection as follows: 


a. Stud connection: (See figure 8—1 and table 8-1) 
In this type of connection a bolt or scréw is locked 
securely to structure, thus becoming in effect a stud. 
Grounding or bonding jumpers can be removed or added 
to the shank of stud without removing stud from str uc- 
ture. 
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b. Nut plate and bolt connection: (See figure 8-2 
and table 8-2) Nut plates are used where access to 
the nut for repairs may be difficult. Nut plates are 
riveted or welded to a clean area of the structure. 
Cleaning of structure is done in accordance with 8—14 
through 8—16 as applicable. 


c. Nut and bolt connection: (See figure 8-3 and 
table 8—3) In this connection the bolt or screw is not 
attached permanently to structure. When jumpers are 
to be added or removed, the entire connection is remade. 


The table under each figure lists materials and platings 
which are compatible with the structure to which they 
are mounted. These materails are selected so that cor- 
rosion, if it occurs, will occurs in the washers, which 
are expendable, rather than inthe structure which is not 
expendable. 


8—19. CONNECTION TO TAB RIVETED TO STRUC- 
TURE. For bonding leads carrying high current, size 
AN-4 or larger, do not make the connection directly to 
the structure, but to a tab of suitable size adequately 


bonded to the aircraft structure. (See figure 8-5.) 


When a bonding or grounding connection is made to a 
tab riveted to structure rather than directly to struc- 
ture, clean the bonding or grounding surface and make 
the connection. 


BONDING OR GROUNDING 
AREA — CLEAN BEFORE 
INSTALLING CONNECTION 


x 
& 
N 
S 
X 
CL 


THIS AREA OF STRUCTURE 
AND BACK OF TAB MUST BE 
CLEANED BEFORE RIVETING 
TAB TO STRUCTURE 





Figure 8-5. Bonding Tab Riveted to Structure 
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exactly as though the connection were being made to 
structure. If it is necessary to remove the tab for any 
reason, replace rivets with one size larger. Make sure 
mating surfaces of structure and tab are clean, and 
free of anodic film. 


8-20. CONNECTION TO CYLINDRICAL SURFACES. 
Make bonding or grounding connections to aluminum 
alloy, magnesium alloy or corrosion resisting steel 
tubular structure as shown in figures 8—6 and 8-7. Fig- 
ure 8—6 shown the arrangement of hardware for bonding 
with an aluminum jumper. Because of the ease with 
which aluminum is deformed, it is necessary to dis- 
tribute screw and nut pressure by means of plain wash- 
ers as shown. Figure 8—7 shows the arrangement of 
hardware for bonding with a copper jumper. No extra 
washers are used. If installation conditions require 
use AN742 clamp (uncushioned) instead of AN735. Do 
not change any other hardware if this substitution is 
made. 


8-21. BONDING CONDUIT TO STRUCTURE. See fig- 
ure 8—8. Bond aluminum alloy or corrosion-resisting 
steel conduit to structure as shown in figure 8-8. If 


‘ installation conditions require, AN742 clamp may be 


used instead of AN735, using same hardware. 


8-22. TIGHTNESS OF CONNECTIONS. Make sure 
thacall connections are tight as evidenced by the split 
lock-washers being completely compressed. 


CAUTION 


When terminal is under head of screw or bolt 
(as shown in figure 8—2), itis preferable not to 
install more than one terminal. A loose screw 
with two terminals may cause inadvertent op- 
eration of equipment. 


8-23. BONDING AND GROUNDING JUMPERS. To ac- 
complish the purpose of bonding or grounding, it is ne- 
cessary to provide a conductive path where direct elec- 
trical contact does not exist. Jumpers are used for this 
purpose in such applications as between moving parts, 
between shock-mounted equipment and structure, and 
between electrically conducting objects and structure. 
Keep jumpers as short as possible; if practical under 
three inches. Donot use two or more jumpers in series. 


8-24. FABRICATING BONDING AND GROUNDING 
JUMPERS. Jumpers of tinned copper wire are fabricated 
in accordance with Military Standard Drawing MS25083. 
For smaller size wire, terminate with MS25036 insulated 


copper terminal lugs of appropriate size. Use stand 


ard tool MS25037 for crimping terminals to wire. For 
larger wire size, terminate with MS20659 uninsulated 
copper terminal lugs, crimped to the wire with AN3427 
tool. Jumpers may also be facricated of 1/16 inch ID 
#36 gage copper braid, using MS25036 terminal lugs. 
Instructions for use of crimping tools are given in sec- 
tion V. 
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CL AMP (AN735) STEEL SCREW 
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Figure 8-6. Aluminum Jumper Connection to Tubular Structure 
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Figure 8-7. Copper Jumper Connection to Tubular Structure 
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Figure.8—8. Bonding Conduit to Structure 
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8—25. QUICK-DISCONNECT JUMPERS. Where a quick- 
disconnect jumper is required, crimp an AN753 elec- 
trical disconnect splice into a copper wire jumper, fab- 
ricated as described in 8—24, using the standard tool 
MS25037. Note that the disconnect splice is not cen- 
tered in the jumper; but is installed so that the coupler 
remains on the short end when thd jumper is discone 
nected. 


8-26. TESTING BONDS AND GROUNDS. 


8-27. RESISTANCE TESTS AFTER CONNECTION. 
The resistance across a bonding or grounding jumper 
is required to be 0.1 ohms or less. Tests are made 
afcer the mechanical connection is completed, and cone 
sists of a multiohmmeter reading of the overall resis- 
tance between the cleaned areas of the object and the 
structure. See figure 8-9, 


RESISTANCE MEASURED FROM SURFACE TO SURFACE 


BONDED OBJECT 


CLEANED AREA 












RRR 


BASIC STRUCTURE 






KN 
EEOC G sis 





CLEANED AREA 


"AN USM-=21A LOW RANGE OHMMETER 


Figure 8—9. Special Milliohmmeter and Clip Leads for Testing Bond Resistance 
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8-28. RESISTANCE TEST PROCEDURE, Measure- 
ments of the specified resistance value are made with 
a special calibrated lowsrange ohmmeter such as the 
AN/USM*21A. Proceed as follows, observing the pre- 
cautions emphasized in the meter instruction manual. 


a. With the Function Control OFF, set the Range 
Control to the 0.1 ohms position. 


b. Attach the instrument testeclips for intimate cone 
tact withthe cleaned areas immediately adjacent to the 
jumper terminal lugs of object and structure. 


c. Set the Function Control to CALIBRATE, then 
use the Calibration Adjustment Control to obtain a 0.1 
ohm full scale deflection. 


d. Set the Function Control to OHMS position, and 
note the bond (only) reading. It should be less than 
0.1 ohm. 


e. Returnthe spring loaded Function Control to OF F 


position, andremove the testeclip leads and instrument. 


f. If the specified resistance value has been ob- 
tained, the cleaned areas are now ready for refinishing. 
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8-29. REFINISHING. 


8-30. REFINISHING ALUMINUM ALLOY SURFACES. 
Within one week after any arca has been cleaned and 
connection made, refinish aluminum surfaces as follows: 


a. Apply coat of zinc chromate brushing compound, 
and allow to dry. 


b. When thoroughly dried, refinish cleaned area to 
match original surrounding finish. 


8—31. REFINISHING MAGNESIUM ALLOY SUR FACES. 
Within 24 hours after cleaning surface of magnesium 
alloys, apply a protective coat of zinc chromate brush- 
ing compound. Within one week after making and test- 
ing the connection, refinish cleaned area to match orige 
inal surrounding finish. 


8—32. REFINISHING STEEL SURFACES. Within one 
week after connection has been made, refinish cleaned 
area to match original surrounding finish. 


181 


Section IX 
Paragraphs 9-1 to 9-10 


SECTION IX 
SOLDERING 


9-1. INTRODUCTION. 


9~2. GENERAL. Soldered connections are used in air- 
craftelectrical wiring toform a continuous and perman- 
ent metallic connection having a constant electrical 
value. The importance of establishing and maintaining 
a high standard of workmanship for soldering operations 
cannont be over-emphasized. 


9-3. SCOPE. This sectiondescribes the materials and 
equipment used in soldering aircraft interconnecting 
wiring. It also describes and illustrates preparation 
and care of equipment, procedures to be followed and 
the soldering techniques necessary to make a pood sold- 
ered joint. 


9-4. Inaddition, special materials, equipment and tech- 
niques used in soldering printed circuit assemblies are 
described where they differ from those used in general 
electrical soldering. In the repair of printed circuit as- 
semblies, soldering is closely associated with repairs 
to the insulating base and conductor pattern, and with 
replacement of components. Therefore, typical proce- 
dures and techniques for making suchrepairs are includ- 
ed in this section, 


9-5. REFERENCE SPECIFICATIONS AND STAND- 
ARDS. 


O-F-499 Flux, Brazing, Silver Alloy, Low Melt- 
ing Point 

QQ-S-561 Solder, Silver 

QQ-S-571 Solder, Soft, (Lead-Alloy, Tin-Lead Alloy 
and Tin Alloy) 

LLL-R-626 Rosin, Gum; Rosin, Wood; Rosin, Tall 
Oil 

MIL-A-6091 Alcohol, Echyl, Specially Denatured, Air- 
craft 

MIL-S-6872 Soldering Process, General Specification 
For 

MIL-D-6998  Dichloromethane, Technical 

MIL-F-20329 Flux, Soldering, Rosin Base, General 


Purpose 
MIL STD 429 Printed Circuit Terms and Definitions 


9-6. DEFINITIONS AND DESCRIPTIONS. 


9-7. SOLDERING. Soldering isthe process of joining 
two (or more) metals together at a temperature lower 
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than the melting points of the metals. In its molten 
state, solder chemically dissolves part of the metal 
surfaces to be joined. However, most metals exposed 
to the atmosphere acquire athin film of tarnish or oxide; 
the longer the exposure the thicker the film will become. 
This film is present, even though it is not visible, and 
solder alone cannot dissolve it. A soldering flux with 
a melting point lower than the solder must be used to 
"twet’’ the metal and allow the solder to penetrate it 
and removethe film. The flux melts first, removing the 
tarnish or metallic oxide, and also preventing further 
oxide from forming while the metal is being heated to 
soldering temperature. The solder then melts, floating 
the lighter flux and the impurities suspended in it to the 
outer surface and edges of the molten fillet. The solder 
cools and forms an alloy with the metal. Most of the 
flux is burned away during the soldering process; any 
residue is removed by appropriate cleaning methods. 


9-8, The soldering methods used for general aircraft 
wiring are essentially the same for both production sold- 
ering and for repair work. For printed circuit assemblies, 
production methods and repair methods are different. In 
production, a dip soldering method is used, where sev- 
eral connections are made at the same time. Soldering 
repairs, however, are made individually using tech 
niques similar to those used for soldering general wir- 
ing, with special precautions to prevent thermal dam- 
age to the heat-sensitive, closely packed circuit ele- 
me nts. 


9-9. SOFT SOLDER. Soft solderisanalloy consisting 
of various combinations of tin and lead with silver and 
other additives, which melts at temperatures below 700 
degrees F. It may be in bar form tobe melted for tinning, 
or in the form of rosin-cored solder for use with a sold- 
ering iron or other heating means. 


9~—10. Soft solder used in aircraft electrical wiring con- 
forms to the requirements of Federal Specification 
QQ-S-571. For general applications at low temperatures 
(up to 248 degrees F max.) use Composition Sn60 (60% 
tin, 40% lead) to solder tin-coated copper wire and coax- 
ial cable. For silver-coated copper wire in high tem- 
perature applications (up to 375 degrees F max.) usea 
lead-silver mixture, Composition Ag 2.5 or Ag 5.5. Do 
not confuse high temperature soft solder with the hard 
solder described in 9—11, For soldering printed circuit 
boards use a eutectic solder (63% tin, 37% lead) with 
a silver additive of one to three percent. Rosin-cored 
solder, tublar type, 1/32 inch diameter is recommend- 
ed for printed circuits. 


9-11. HARD SOLDER. Hard solder, often called bra- 
zing alloy, is a silver alloy, Federal Specification QQ 
S-561, which melts at temperatures ranging from 700 to 
1600 degrees F. Hard solder is used when greater me- 
chanical strength or exposure to higher temperatures is 
required, Hard solder is commonly used in the aircraft 
electrical system for soldering thermocouple connec- 
tions (refer to Section VII). Hard solder is not used on 
printed circuits. 


9—12. FLUX. Flux is a chemical reducer used for sur- 
face conditioning before and during the soldering pro- 
cess. With sofe solder, use only water-white rosin, 
dissolved to a paste-like consistency in denatured al- 
cohol, (Military Specification MIL-F-20329). With hard 
solder, use borax, or similar material, mixed to a paste 
with water, (Federal Specification O-F-499). A special 
solder sometimes used in thermocouple connections is 
described in Section VII, paragraph 7-26, 


9-13. TYPICAL SOLDERING OPERATIONS. Follow- 
ing are examples of typical soft-soldering operations 
used in aircraft electrical wiring: 


Mote 


Hard-soldering procedures are described in 
Section VII. 


a. Tinning: Wires or cables preparatory to joint 
soldering and to fuse ends; contact pins and inside pur- 
faces of solder cups; shielded wire braid, after twisting, 
to fuse, terminate and connect. 


b. Soldering: Wires and cables, previously tinned, 
insertedinto solder cups of terminals, or mechanically 
wrapped on shaped lugs and post or hooked terminals; 
twisted connections, or broken wire for emergency re- 
pair; printed circuit conductor pattern defects, or com- 
ponent leads and lugs to conductor pattern terminal 
areas, 


c. De-soldering: Soldered joints prior to re-making; 
princed circuit component connections to remove com- 
ponent for replacement, 


9-14. HEAT APPLICATION METHODS. 


9-15. SOLDERING IRON. The most commonly used 
method of heat application for soldering joints in aire 
craft electrical wiring is by means of an electrically 
heated hand-held soldering iron. In addition to the 
conventional iron, a pencil iron or a soldering gun are 
frequently used (see figure 9—1.) Pencil irons except 
for their smaller size, are identical to conventional 
irons, and are used for precision soldering of small 
units and miniature assemblies. Soldering guns, be- 
cause they heat quickly, are excellent for intermitcent 
use. 


9-16. RESISTANCF SOLDERING. See figure9-2. Re- 
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sistance soldering is frequently used in large volume 
production, where the operationis standardized. Inthis 
method alow voltage transformer is used and the mecal 
to be soldered is heated by the resistance to a flow of 
electric current. The work is gripped between two elec- 
trodes, completing the circuit and heating the metal for 
soldering. In another application, a carbon pencil is 
used as one electrode, and che metal to be soldered 
forms the other electrode; when contract is established 
through the carbon pencil intense heat is generated at 
the point of contact. Resistance soldering is well 
adapted to the soldering of small parts, or for congest- 
ed assemblies where it is desired to restrict heat to a 
small part of the assembly. 


9-17. TORCH SOLDERING. Torch soldering is used 
where a high heat is required, as in silver soldering. 
This process is also suitable for soft-soldering large 
work whichis not part of an assembly, or when the part 
to be soldered can be removed for soldering. For ex- 
ample, wires may be torch-soldered to large contacts 
which habe been removed from MS connectors. Torch 
soldering is not suitable for soldering small parts. 


9-18, DIP-SOLDERING. Dip soldering is the process 
of immersing connections in molten solder; one or more 
connections can be made ina single operation. This 

process is used on printed circuits, where the conduc- 
tor pattern is one one side of the board, and the compo- 
nents on the opposite side. Joints are mechanically 
secured, dipped first into liquid flux and then into molt- 

en solder. 


9-19. PREPARATION AND MAINTENANCE OF SOLD- 
ERING IRON. For successful, effective soldering, the 
soldering irontip must be tinned to provide a completely 
metallic surface through whichthe heat may flow readily 
from the iron to the metal being soldered. If no tinning 
is present, the iron will oxidize and the heat cannot flow 
through. Copper has a very high rate of heat conduc- 
tivity, but copper tips oxidize quickly, and must be fre- 
quently cleaned and re-tinned. If a tip has be come bad- 
ly burned and pitted as aresult of overheating, replace it. 


9-20. PREPARING THE SOLDERING IRON. Before 
using the soldering iron, prepare it as follows: 


a. With che iron shut off, file each working surface 
of the soldering iron tip with a double-cut mill file un- 
til it is smooth and ofa gright copper color. See figure 
9-3. Remove copper fuzz from dressed edges with a 
file card. 


b. Plug in the iron and apply cored solder just as 
the bright dressed copper color is turning to a pigeon- 
blue, bronze, oxide color. This will allow the flux to 
“‘wet’’ and clean the working area when the solder 
melcs to form an even bright silver coating on the tip. 
(See figure 9—4.) 

CAUTION 


Do not allow the iron to come up to full tem- 
perature before starting the tinning operation. 
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Figure 9-1, Types of Hand Soldering Irons 
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Figure 9—2. Resistance Soldering 






ROSIN-CORE 
SOLDER 60/40 


er 


NOTE: TIN WHILE IRON IS HEATING 









BEFORE AFTER FILING 
CLEANING AND RETINNING 





Figure 9-3. Soldering Iron Tip Before and 
After Cleaning Figure 9-4. Tinning Soldering Iron Tip 
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c. Wipe off excess sold«r with a damp sponge or 
cloth. 


9—21. Some copper soldering iron tips used in produc- 
tion soldering are coated with pure iron to help prevent 
oxidation. Follow manufacturer’s instructions for clean- 
ing such irons. A clean damp cloth may be used to 
wipe the iron. 


Note 


Do not file soldering iron tips coated with 
pure iron. Filing willruinthe protective coat- 
ting. If the tip is pitted, replace it. 


9-22. SOLDERING IRON MAINTENANCE. During use, 
just before each application, pass the soldering iron 
tip with a rotary motion through the folds of a damp 
cleaning sponge, or wipe on an asbestos wiping pad. 
This will remove the surface dross and excess solder 
from the working surface. 


CAUTION 


Never shake or ‘‘whip’’ an iron to get rid of 
dross or excess solder droplets. 


9-23. Once aday remove the tip from the iron and clean 
out the black scale from the inside of the iron and from 
the ip with fine steel wool. When the iron or tip is 
new, coat the inside of the shank with dry flake graph- 
ite or anti-seize material to prevent freezing, and to 
insure maximum heat transfer. When replacing the tip, 
make sure to insert the tip to the full depth of the cas- 
ing, seated firmly against the heating element. 


9-24. SOLDERING OPERATION - GENERAL PRE- 
CAUTIONS AND PROCEDURES.  Reyardless of the 
heating method used in the soldering process, a good 
connection willresult only if the proper soldering tech- 
niques are followed, and certain precautions observed. 
The following instructions apply generally to soldering 
operations. Some special soldering techniques used in 
assembling or repairing printed circuit boards are list- 
ed in 9-51 and 9-52. Detailed procedures are given for 
soldering wires to MS connectorsin section Ill, to coax- 
ial connectors in section IV and for thermocouple con- 
nections in section VII. 


Note 


A quality soldered joint can be accomplished 
only on a mechanical connection of approved 
geometry, dress and dimensions. 


9-25. CLEANLINESS. Cleanliness is of the utmost 
importance in the soldering operation. If possible, 


soldering should be done in an area that is reasonably 
clean and free from excessive dust. Drafty areas should 


be avoided so that the soldering iron will not cool. 


186 


Parts contaminated with dirt, oil, grime, grease, etc. 
cannot be sucessfully soldered. Make sure that the 
parts are mechanically ‘‘bright-clean’’, before sold- 
ering. Clean the parts with a cloth or brush dipped in 
alcohol, carbon tetrachloride, trichlorethylene or other 
approved solvent. Badly corroded parts may be cleaned 
carefully by mechanical means such as fine abrasive 
paper, a wire brush or by careful scraping with a knife 
blade, 


9-26. PRE-TINNING. Wires to be attached to most 
electrical connectors must be pre-tinned. Follow the 
instructions given in Section II, paragraphs 2-48 
through 2-55. 


9-27. SELECTION OF FLUX AND SOLDER. Use on- 
ly the solder and fluxes described in9—9 through 9-12. 


CAU TION 


Do not use any corrosive fluxin aircraft elec- 
trical wiring. 


9-28. HEATING CAPACITY. Use a soldering iron or 
other heating method of sufficient capacity to heat the 
metal being soldered to solder melting temperature. 


9-29, SELECTION OF SOLDERING IRON. The sole 
purpose of the soldering iron is to heat the joint toa 
temperature high enough to mele the solder. Select a 
soldering iron with a thermal capacity high enough so 
that the heat transfer is fast and effective. An iron 
with excessive heat capacity will burnor melt wire in- 
sulation; an iron with too little heat capacity will make 
a cold joint in which the solder does not alloy with the 
work. Soldering irons are available in wattage ranges 
from 20 to 500 watts. Irons with wattage ratings of 
60, 100 and 200 watts are recommended for general use 
in aircraft electrical wiring. Pencil irons with a rating 
of 20 to GO watts are recommended for soldering small 
parts. The soldering iron recommended for printed cir- 
cuit soldering is alightweight55 wate iron with a 600 
F Curie point tip control. This iron has a three-wire 
cord to eliminate leakage currents which could damage 
the printed circuits. 


9-30. A soldering iron should also be suited to the 
production rate. Donot selectasmall pencil iron where 
a high steady heat flow is required. A soldering gun is 
useful for intermittent work, but is not suitable for high 
speed production work because of the warm-up time re- 
quired each time the trigger is depressed. 


9-31, CHOICE OF SOLDERING TIP. Select the tip 
best suited for the size and shape of the work being 
soldered. Some common tip shapes are shown in figure 
9—5. Soldering iron tips are available in sizes from 1/16 
inch to 2 inches in diameter. For general use a tip of 
1/4 inch to 3/8 inch diameter is recommended. For 
printed circuit soldering use a long shank tip of 1/16, 
1/8, 3/32 or 3/16 inch diameter; screwdriver, chisel 
and pyramid shapes are recommended. 


DO 
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Figure 9-5. Soldering lron Tip Shapes 


9-32. SOLDERING IRON. Before starting the sold- 
ering operation, make sure that the iron tip is clean, 
smooth and well-tinned. See 9—19 through 9—23 for in- 
Structions on preparation and maintenance of soldering 
iron. Vhenresistance soldering equipmentis to be used 
make sure that probes are clean. 


9—33, SECURING THE JOINT. Whenever possible 
make sure that the joint is mechanicaliy secure before 
soldering. When this is not possible, as with MS con- 
nector contacts, make sure that the joint is held rigid 
during the cooling period. 


9-34. APPLICATION OF HEAT AND SOLDER. Apply 
flux-core solder at the exact point between the metal 
and the soldering iron, as shown in figure 9—6 and hold 
the irondirectly against the assembly. Melt the solder 
on tk:e joint, not on the tron. Place the soldering iron 
firmly against the junction; if heavy ‘trocking’’ pres- 
sure is necessary, either the iron does not have suf- 
ficient heat capacity for the job, or it has not been pro- 
perly prepared, or both. 


9—~35. HEAT APPLICATION TIME. Do not apply heat 
to the work any longer than the time necessary to melt 
the solder on all parts of the joint. 


9~36. AMOUNT OF SOLDER. Do not use any more 
solder than necessary. Do not pile up solder around 
the joint; this is wasteful, andresults in joints difficult 
to inspect. Care should be exercised with silver coat- 
ed wire to prevent wicking during solder application. 


9-37. SOLDERING IRON HOLDER. When the sold- 
ering iron is not in actual use during operations, keep 
it in aholder such as is shown in figure 9-7, This will 
protectthe operator against burns, and the iron against 
damage. 





SOLDER 


CONNECTOR 
SOL DER CUP 


Figure 9-6. Correct Solder Application 


9-38. PROTECTION AGAINST OVERHEATING. Do 
not allow the tron to overheat. Disconnect the tron 
when it is not in use between operations, or use aheat- 
dissipating stand which will keep the iron at a con- 
stant temperature, 


9-39, COOLING THE SOLDER JOINT. When the sold- 
er joint has been make, hold the work firmly in place 
until the joint has set. Disturbing the finished work 
willresult in a joint mechanically weak, and with high 
electrical resistance. Allow solder joints to cool na- 
turally. Do not use liquids or air blasts. 


187 


Section IX 
Paragraphs 9-40 to 9-47 





Figure 9~7. Soldering Iron Holder 


9-40. CLEANING. If the correct amount of solder is 
used and procedure instructions followed carefully, 
there should be little or no excess flux remaining on 
the finished joint. If cleaning is necessary, remove 
excessive flux by brushing the joint with a stiff beush 
dipped in methyl alcohol, methyl! isobutyl ketone or a 
similar approved solvent. Use alcohol sparingly, and 
avoid contact between alcohol and wire insulation. 
For cleaning printed circuit connections, use a cotton 
swab-stick for small areas, and a lint-free clean cloth 
for large areas and board edges. 


9-41. INSPECTING A FINISHED SOLDER JOINT. 


9-42. ACCEPTABLE SOLDER JOINT. See figure 9-8. 
A good soldered joint will have a bright silvery appear- 
ance, with smooth fillets and feathered, not sharp edges. 
The entire joint will be covered witha smooth even coat 
of solder, and the contour of the joint will be visible. 


SMOOTH 
SILVERY 





Figure 9-8. Good and Bad Soldered Connections 
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9—43. UNACCEPTABLE SOLDER JOINT. Any of the 
following indicate a poor solder joint, and are cause 
for rejection: 


a. Dull gray, chalky or granular appearance, evi- 
dence of a cold joint. 


b. Hair, cracks, or irregular surface, evidence of a 
disturbed joint. 


c. Grayish, wrinkled appearance, evidence of ex- 
cessive heat. 


d. Partially exposed joint, evidence of insufficient 
solder. 


e. Scorched wire insulation or burned connector 
inserts. 


f. Globules, drips or tails of solder. 


If any of the above are present in a finished solder 
joint, the joint should be taken apart, parts cleaned, 
and the entire soldering operation repeated, using fresh 
solder and flux. 


9-44. REPAIR AND SOLDERING OF PRINTED CiR- 
CUIT ASSEMBLIES. 


9-45. GENERAL. Printed circuit assemblies are used 
in the aircraft electrical system to save space and 
weight, to increase reliability and to facilitate replace- 
ment. Typical locations are in equipment cases at area 
termination points of the interconnecting wiring, and in 
junction boxes at break-out points in the electrical 
sy stem. 


9-46. DESCRIPTION. Aprinted circuit board consists 
of a conductor pattern bonded onto an insulating base. 
Components are mounted on the opposite side from the 
conductor, and are attached to it by leads through drilled 
holes or eyelets in the base. A printed circuit board 
may have conductor patterns onboth sides. Each print- 
ed circuit board assembly is identified by a number 
printed on the board, referencing the applicable circuit 
drawing or schematic. 


9-47. FEASIBILITY OF REPAIR. Printed circuit as- 
semblies are repaired and re-soldered to restore them 
to their original condition when they have been found 
to be defective or damaged. If the damage or defect is 
serious or extensive, it may not be practical to rework 
the board. It is not considered feasible to repair a 
printed circuit assembly if any of the following condi- 
tions could resule: 

a. Repair is impractical because of its extent. 

b. The repair would decrease the life expectancy 
of any component. 

c. The repair could damage adjacent components or 
Circuitry. 

d. The operation of the equipment would be changed 
by che repair, 


In any of the above cases, replace the printed circuit 
assembly with a new identical assembly. 


9~48. GENERAL PRECAUTIONS AND PROCEDURES. 


9-49. HANDLING PRECAUTIONS, Printed circuit as- 
semblies require very careful handling during repair 
and soldering operations, or when being installed as a 
replacement assembly. Whenhandling assemblies with- 
drawn from cases and junction boxes, or from replaces 
ment stores observe the following precautions: 


a. Keep the printed circuit assembly in a padded 
plastic or paper protective bag while awaiting use or 
repair. Keep in a cool dry place. 


b. Carry the assembly by its handle (if present) or 
by the edges. 


c. Do not handle or lift the assembly by any of its 
mounted components; this can result in broken leads. 


d. Do not stack one boarduon top of another.  Al- 
ways support the board on its long free edge. 


e. Never flex, bend or force the base during remov- 
al, repair or replacement. 


f. Avoid touching the face of the board with the 
hands, particularly the conductor or exposed contacts 
of plug-in assemblies and test points. Body acids pro- 
duce corrosion and cause high resistivity which can 
affect the performance of the circuit. 


g. During repair, use an appropriate holding fixture 
to support the board by its edges, as shown in figure 
9-9. Provide adequate support underneath the board 
to offset the force of drilling, scraping and component 
removal or replacement. 


PRINTED CIRCUIT 


Figure 9-9. Holding Fixture for Printed 
Circuit Assembly 
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h. Make sure that all tools used for mechanical re- 
pairs are clean. Use only pliers with smooth jaws and 
radiused edges. 


i. Clean with short pentle puffs of low pressure, oil- 
free, dry air. Avoid violent bursts. Do not clean by 
ultra-sonic methods, this may affect the laminate. 


9-50. DESOLDERING PRINTED CIRCUIT COMPO- 
NENTS. When it is necessary to remove components 
from a printed circuit assembly, their leads or lugs 
must first be de-soldered, so that the leads or Jugs can 
be readily withdrawn through the board to free the com- 
ponents. The procedures tobe used and the precautions 
to be observed are as follows: 


a. To melt the solder, apply the soldering iron tip 
to the filler while slowly counting to four, then remove 
the tron. 


CAUTION 
Do not exceed this time. 


Repeat as necessary, allowing the work to cool between 
applications. If it is desired to remove the component 
intact, as for testing, place a heat sink clamp on the 
lead, as close as possible to the component body be- 
for applying the iron, 


b. Use a solder sucker to suck up the solder as it 
melts. (See figure 9—10a). Compress the bulb, place 
the tip directly on the liquid fillet, and release the 
bulb. Repeat as necessary. 


c. In open areas, or to remove large terminal areas 
of soldering, a piece of 1/8 inch tubular elect ro-tinned 
braid may be usedto remove the liquid solder as shown 
in figure 9—10b. Flatten 1/4 inch of the braid end, dip 
sparingly into liquid flux, and place this end against 
the fillet. When the iron is applied, the solder will be 
drawn up intothe braid as it melts. Cut off the solder- 
saturated part of the braid andrepeat if necessary. 


9-51. SOLDERING PROCEDURES. Working space on 
printed circuit board assemblies is limited because of 
tightly packed components. The following special pro- 
cedures will be helpful in soldering operations under 
these conditions: 


a. Fix the board in the holder in such a way that 
gravity will aid in forming the fillet. 


b. Select a tip shape to suit the angle of approach 
to the work. Use a screw driver tip for an approach 
perpendicular to the board; use a pyramid shape when 
the approach is at an angle. (See figure 9-11) 


c. Rest the elbow, arm or wrist against the bench 
top or holding fixture to assist in directing the iron to 
the work. 


d. When soldering, coil the fine diameter cored sold- 
er into a small helix for easier handling, and feed from 
the center of the coil. 
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SOL DERING IRON SOL DER SUCKER 





a. USE OF SOLDER SUCKER IN DESOLDERING OPERATION 





b. REMOVING SOLDER WITH COPPER BRAID 


=. 


Figure 9-10. Desoldering Printed Circuit Components 


HEAT SINK PYRAMID TIP 
SCREWDRIVER TIP 


VERTICAL APPROACH ANGLE APPROACH 





Figure 9-1]. Soldering Iron Approach to Work 
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e. Apply che flat side of the iron apainst the work 
with a deliberate touch, not to exceed a slow count of 
four, until experience dictates the practical limit for 
the condition. 


f. If the solderdoes not ‘take’’, allow the connec- 
tion to cool, and reapply the iron tip, after adding a 
small amount of liquid flux. If this does not produce 
a sausfactory joint, remake the joint. 


9-52. SOLDERING PRECAUTIONS, When soldering 
printed circuits, the completed solder fillet must me- 
chanically bond the component lead or lup to the foil 
terminal area, and electrically provide a low resistance 
path between the two. The soldering operation must 
be carriedout without damage to the laminate, foil, and 
adjacent components. Observe the following precau- 
tions in addition to the general precautions Jisted in 


9~24 through 9-30. 


a. Make sure that leads are properly dressed and 
fixed in position before soldering. 


b. Use the smallese tip size and shortest heat ap- 
plication time possible to avoid damape to board, foil 
and components. 


c. Use only the solder and flux described in 9-9 


through 9-12. 


d. Useheat sinks todissipate excessive hear. Ex- 
cessive temperature will cause the base/foil laminate 
to discolor, de-laminate, blister or burn; board compo- 
nents can be damaged or suffer a change in value from 
over heating. 


e. Protect areas adjacent to the soldering operation 
withlight weight sheet asbestos ribbon, cut and shaped 
around components. 


f. Avoid excessive solder or splatter. 


g- Be careful not to accidently touch the iron to the 
cored solder. This may cause the solder to splatter, 
damaging the work and resulting in painful burns to the 
operator. 


9-53. DETAILED PROCEDURES, The following par- 
agraphs give instructions for typical feasible repair and 
soldering operations to defective or damaged circuit as- 
semblies. Observe all precautions listed in 9—49 
through 9-52. 


9-54. REMOVAL OF PROTECTIVE SEALING (CON- 
FORMAL) COATING. Before staring any repair tt ts 
necessary to remove the protective coating in the de- 
fective area to expose and clean the defect. The pro- 
cedure is as follows: 


a. In open base areas with no adjacent heat sen- 
Sitive components, remove the coating with a chisel-up 
soldering iron, using a push motion as shown in figure 
Q~l2a. Keep the tron moving steadily to prevent heat 
damage to base or conductor pattern, and to avoid un- 
wanted de-soldering. 


Section IX 
Paragraphs 9-52 to 9-57 


CAUTION 


Do nocatremptremovalin a single pass. Come 
plete removal in one area at a ume, 


b. Clean the areca with a scrub brush and approved 
solvent to remove traces of coating or base material 


particles, 


c. Wipe of excess solvent with cotton swabs, and 
dry witha lintefree cloth. 


d. In congested base areas where heat damage to 
adjacent components must be avoided, use a hook 
scraper, with a pull motionas shown infipure 9—12b. 


¢. Finish and clean out with an angle scraper or 
knife point. Smooth any remaining rough areas with 
file or knife blade. 


Note 


When repairs have been completed, the pro- 
tective coating must be restored to the re- 
worked area. 


9-55. BASE LAMINATE REPAIRS. Before making re- 
pairs to conductor patterns, or replacing defective com- 
ponents, repair any physical defects in the base lami- 
nate suck as chipped edges, edge cracks and pouges 
or other surface damape. It is not considered feasible 
to repair base laminate having the following defects: 


a. Ruptured conductor pattern, annular rings or ter- 
minal areas, 


b. Loss of support under printed contacts or con- 
nectors, 


c. Dangling components. 


d. Inadequate guide edge or mounting provisions. 


9-56. REPAIR OF CONDUCTOR PATTERN. Feasi- 
ble repairs to the conductor pattern are of two types: 
repair of minor defects such as fine cracks, pin holes, 
ragged edges, scratches, gouges and corrosion; and re- 
pair of major defects where the conductor foil, or its 
bonding is damaged to such an extent that part of it 
must be replaced with a wire segment. It is not con- 
sidered feasible to repair annular rings or terminal 
areas that are incomplete or not bonded to the base. 
When making repairs to the conductor pattern, observe 
the following special precautions: 


a, Make sure the minimum separation distance be- 
tween adjacent conductors is not reduced. 


b. Make sure the effective cross-sectional area of 
the conductor foil is maintained. 


c. Make surethat the original conductor dress and 
routing is adhered to, 


9-57. REPAIR OF MINOR CONDUCTOR DEFECTS. 
The procedure for repairing the minor defects described 


in 9—5S6 1s as follows: (See figure 9—13a), 
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a. REMOVING COATING WITH SOLDERING IRON b. REMOVING COATING WITH SCRAPER 


Figure 9-12. Removing Protective Coating 


ao MINOR DEFECT PATCHED WITH SOLDER b. MAJOR DEFECT BRIDGED WITH WIRE 





Figure 9~13. Repairing Defective Conductor Pattern 
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pigieouby Google 


a. Bright-clean the defective area; remove all for- 
eign particles by brushing. 


b. Apply flux to the repair area; then apply solder 
to bridge or patch the defective area with a minimum 
1/8 inch overlap. 


c. Remove solder residue witha solvent-saturated 


swab, and dry the area. 


9-58. REPAIR OF MAJOR CONDUCTOR DEFECTS. 
The procedure for repairing the major defects described 
in 9-56 is as follows: (Sec figure 9—13b) 


a. Measure width of damaped conductor, and select 
a wire of the correct diamater to replace it. This infor 
mation will be found on the applicable printed circurt 
assembly drawing. 


b. Remove alltraces of the damaped part of the con- 
ductor fromthe basc, using a sharp knife, sefapers and 
brushes. 


c. Bright-ecleanthe remaming ends of che conductor 
and remove forcizn particles. 


d. Cut the replacement @ire to Jenuth, scrip (if ine 
sulated) clean, trim and cin cnds. Formthe wire to the 
contour of che removed conductor. 


e. Apply liquid flux to che wire and conductor ends, 
and solder. 


f. Remove solder residuc with a solventesaturated 
swab, and dry the arca. 


g. If necessary, forlong wire segments, tie the wire 
in place with 1/32 inch diameter lacing cord, through 
a pair of 1/16 inch diameter holes drilled in the base. 


Note 


Short wire segments will be located and at- 
tached to the base by the final protective 
coating. 


9-59. REPAIR OF CONDUCTOR INTERFACIAL CON- 
NECTIONS. Interfacial connections, such as swaged 
eyelets, and plated-through holes are used to connect 
the conductor patterns on opposite sides of the base. 
Surface cracks or imperfect soldering of these, or of 
component leads and ‘‘z’’ wires used in conjunction 
with them, may causc discontinuities in the electrical 
path. The repair procedure is as follows: See figure 


9-14. 


a. Bright-clean the defective area on both sides of 
the board. 


b. De-solder the connection, using a soldering iron 
and solder sucker. Remove old fillets and contained 
solder from inside and around the hole, and from the 


component lead or ‘‘z’’ wire if present. 


c. Inspect eyelet for tightness. If it is not tight, 
re-set it. 
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Figure 9-14. Repgairing Interfacial Connection 
ae Tf the through hole is an open hole and a tz” 
wire can be used, cut, form and insere it. Dress both 
ends on the foil centerlines, 


c Brighteclean both sides of the connection, and 
re-solder the connections so as to fil] the opening, on 
both sides. 


f. Remove solder residue with a solvent-saturated 
swab, and dry the area on both sides. 
9-Gi, REPLACEMENT OF DEFECTIVE CIRCUIT 
COMPONENTS, Defective components are removed 
from the printed circuit assembly, and replaced by a 
acw component identical to the one removed. Compo- 
nents must be removed and replaced without damage 
to their attachments or to the surrounding area, Ob- 
serve these special precautions: 


a. Make sure chat position of replaced componente 
on the board, Jead dress and polarity are the same as 
the original. Position component so that its markings 
are visible, and that codes or legends on base surface 
are not hidden. 


b. Avoid pressure points where leads may contact 


other leads. 


c. Make sure minimum bend length dimensions for 
leads are observed. 


d. Provide stress relief for stiff leads, when used. 


e. Provide insulation where possibility of short 
Circuits exists. 


9-61. REPLACEMENT OF LEAD MOUNTED COMPO- 
NENTS. The procedures for replacing lead-mounted 
components suchas resistors, capacitors, chokes, etc. 
are as follows: (See figure 9-15) 


a. When the defective unit and its leads are to be 
entirely removed, cut the leads as shown and discard 
the component body. Desolder both leads, and extract 
stubs from component side. Hot ream both terminal 
holes from conductor side and clip any “‘icicles’’ on 
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Figure 9-15. Replacing Defective Component 


the opposite side. Remove solder residue and dry. 
CAU TION 


When pulling leads through the board, pull 
against the side having the smallest foil area, 
to avoid loosening the foil. 


b. When defective unit body only is to be removed, 
cut the leads close to the body, and discard body. 
Erect the stubs and bright clean in preparation for 
soldering. 


c. When defective component is a carbon resistor, 
the body only is removed by destroying it, to leave the 
longest possible leads. Do this as follows: 


1, Position the holding fixture so that crushed body 
particles will fall free of other components. 


2. Use heavy diagonal pliers to crush the body at 
the center, steadying both leads with the other hand. 
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3, Crush any body material adhering to the upper 
ends of the two leads, 


4, Erect the stubs and bright-clean in preparation 
for soldering. 


5. Remove all foreign particles and dust from the 
assembly. 


Note 


After each of the above procedures inspect 
the repair area on both sides of the base for 
overall integrity and next step readiness. 


d. When component leads have been completely re- 
moved as described in step a, insert the replacement 
component leads in the mounting holes. Wedge and se- 
cure the component at the required base clearance and 
solder to the base. 


c. When lead stubs have been left attached to the 
board as described in step b, formloops at ends of re- 


placement component leads, crimp around stubs and 


solder, 


9-62. REPLACEMENT OF LUG MOUNTED COMPO- 
NENTS. The procedure for replacing lug-mounted com- 
ponents is as follows: 


a. De-solder the lug from the base, and suck up 
liquified solder with a solder-sucker. 


b. If che lug is crimped over, re-heat the connection 
and straighten out the lug with a probe prong. 


c. Apply che iron to the lug, then place the solder- 
sucker tip down around the lug to draw up any remaining 
solder. 


d. With a sharp narrow knife blade, cut through any 
crystallized solder bridging the Jug and foil terminal 
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area. Make cuts next to and parallel with the lug, cut- 
ting into the Jug base hole clearance. 


e. Free the lug from the base. 


CAUTION 


Take care not to damage the conductor foil. 


f. Position the replacement component to pass the 
lugs through their base holes. Wedge and secure the 
component so the lugs cannot shift. 


g- Trim and form the lugs as necessary. 


h. Make surelugs and terminal area are clean, then 
solder, using heat sink if necessary. 
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SECTION X 
ELECTRIC CONNECTOR SEALING 


10-1. INTRODUCTION. 


10-2. GENERAL. Sealing compound is used to mois- 
ture-proof the wiring connected to the backs of elec- 
tric connectors, and to reinforce the backs of connece 
tors against failure caused by vibration and lateral 
pressure which fatigue the wire at the solder cup. This 
process is commonly called potting. The sealing com- 
pound protects electric connectors from corrosion or 
contamination by excluding metallic particles and aire 
craft liquids, and also reduces the probability of arc- 
over between pins on the back of the connector. 


10-3. SCOPE. This section describes the potting 
compounds used on aircraft electric connectors, and 
gives instructions for preparing and storing the com- 
pound. Detailed instructions for potting MS Electric 
Connectors are given in section III. 


10-4. REFERENCE SPECIFICATIONS. 
MIL-S-8516 Sealing Compound, Synthetic Rubber, 
Electric Connectors and Electric Sys- 
cems, Accelerator Required. 
Navy/BuWeps EMC No. 89-55 Electric Connector Seal- 
ing. 

MIL-S-23586 Sealing Compound, Electrical, Silicone 

Rubber, Accelerator Required. 


10-5. DESCRIPTION. Sealing compound in accordance 
with military specification MIL-S-8516 is a two-part 
thiokol rubber compound, consisting of a base and an 
accelerator (curing agent), packaged together. This 
compound is used to seal connectors located in areas 
_, where the ambient temperature does not exceed 200 
degrees F. Sealing compound in accordance with Mili- 
tary Specification MIL-S-23586 is a three-part system 
silicone rubber compound consisting of a silicone 
base, primer and vulcanizing agent (curing agent) 
packaged together. This compound is used to seal 
connectors located in areas where the temperature 
exceeds 200 degrees Fahrenheit. In its cured condi- 
tion, the sealing compound is specified for the temper- 
ature ranges from —80°F to +400°F and resists tem- 
peratures to 5O00°F. 


Note 


Sealing compound is not applied to the fol- 
lowing connectors: 

a. Environment proof type ''E’’ and ‘*R’’ con- 
nectors. 

t. Coaxial connectors, 

c. Connectors with crimped contacts. 
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10-6. HIGH TEMPERATURE SEALING COMPOUND. 
The Government specification for an electric connector 
sealing compound for use where the ambient tempera- 
ture is expected to exceed 200 degrees Fahrenheit is 
MIL-S-23586 (refer to paragraph 10-5 above). 


10-7. GENERAL PRECAUTIONS. 


10-8. Potting compound is supplied in paired cans of 
base compound and acclerator. Use only the acceler- 

ator supplied with the base compound. Substitution 
may produce a sealant with substantial electrical pro- 

perties. To avoid errors, store base and accelerator 
together in the carton. 


10-9. Make sure that che entire amount of accelerator 
is mixed into the entire amount of base. Any change 
in proportion will affect electrical properties of the 
sealant, and may also affect the work life, rate of cure 
and hardness of the compound. 


10-10. The sealant contains a small quantity of volatile 
flammable solvent. Observe adequate ventilation and 
fire precautions during mixing and storage, 


10-11. PREPARATION OF SEALING COMPOUND. 


10—12, HAND MIXING PROCEDURE. Add the acceler- 
ator to the base compound as follows: 


a. Remove lid from accelerator container and stir 
contents slowly into a smooth creamy paste with a clean 
spatula, wood tongue depressor or putty knife. 


WARNING 


The accelerator contains a.lead compound. 
Wear rubber gloves to avoid excessive skin 
contact, and clean hands thoroughly after 
handling. 


b. Cut top from base compound container and stir 
contents until material has a smooth texture. This is 
necessary to recombine material which may have settled 
out. 


c. Combine accelerator and base material and thor 
oughly agitate or mix until no accelerator streaks or 
traces of unmixed material are visible. Mix slowly, do 
not beat or whip; fast mixing may cause excessive 
amounts of air to become trapped in the compound. 
Mixing normally requires five to eight minutes. Com 


PRESS AGAINST 
SIDE TO FULLY 
DISTRIBUTE 

ACCELERATOR 





Figure 10—1. Hand Mixing Potting Compound 


tinued scraping of the sides and comers of the borton 
of the container willinsure completc mixing. (See fip- 
ure 10-1). 


d. Determine if mixing is complete by spreading a 
dropof the mixcurc very thinly on a piece of white paper 
with a knife blade or similar instrument. Close cxami- 
nation should not reveal any specks or streaks. Do 
not mix the sealant beyond the point where tests show 
the accelerator to be thoroughly mixed into the base 
compound. 


e. When the mixing procedure has been completed 
the sealant is ready for use and may be poured direct- 
ly into the connector to be sealed. For details of cone 
nector sealing, see section III], paragraph 3—62. 


f. If che mixed compound is not to be used immedi- 
ately, store it as directed in 10-18. 


10-13. MECHANICAL MIXING PROCEDURF. Mech- 
anical mixing should be done at 60 degrees F or lower 
to prolong the working life of the sealant. The proce- 
dure is as follows: 


a. Hand mixthe accelerator as described in 10—12a. 
A paint shaker vibrating machine maybe used if avail- 
able. Shake for five to seven minutes. 
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b. If the kase material is packaged in a metal can, 
cut off the top of the container using a mechanical can 
opener. This should leave a smooth wall without any 
burr at the cop of the can. 


c. Clamp base matcrial container securely to drill 
press gcared to 50 PRM minimum to 90 RPM maximum. 
Insert: a) mixing paddie fashioned from a drill rod and 
wirc. (See fipure 10-2.) 


6°" 
APPROX 


APPROX 


Figure 10-2. Mixing Paddle for 
Potting Compound 
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d. Start drill press motor and slowly lower mixing 
paddle into the base compound to recombine any mate- 
rial which may have settled out. 


e. Scrape all accelerator from its container and place 
it inthe base material. Start drill press motor again and 
mix slowly for approximately two minutes. Stop ma- 
chine, raise paddle and scrape container walls and 
paddle as clean as possible. Start the drill press and 
lower the mixing paddle again and continue mixing for 
as additional three minutes. 


{. Make thin spread of sealant on white paper as 
described in 10—12d. If necessary, continue mixing in 
two minute cycles followed by paper test unul no traces 
of unmixed material are visible. The sealant is then 
ready for use. 


g- If the mixed compound is not be used at once, 
store in accordance with instructions in 10-18. 


10-14. MACHINE MIXING. See figure 10-3. This ma- 
chine will mix upto one quart of potting compound, and 
inserts the mixture under pressure into a cartridge for 
use with a sealant gun, if desired. The procedure is 
as follows: 


a. Set the pressure regulator to the pressure recom- 
mended bythe manufacturer of the compound being used. 


b. Check that the dasher control valve lever is up, 
cartridge filler valve closed, (handle horizontal), and 
pressure control valve lever down, 


c. Remove the container from the machine; place 
half the base material in the container, and add the 
accelerator in the center (not in contact with the con- 
tainer), Add the rest of the base material, and replace 
the container in the machine, 


d. Raise the pressure control valve lever slightly 
so that the container rises slowly. When the container 
stops moving, push the lever all the way up, sothat 
full pressure is acting against the material. 


e. Set the cycle counter to zero, and move the 
dasher control valve lever down to start the mixing 
cycle. 


f. After the counter indicates the completion of the 
required number of cycles, as recommended by the com- 
pound manufacturer, place a sealant gun cartridge, with 
plunger inserted, horizontally over the filler valve out- 
let, and open the filler valve while the machine is still 
mixing. Squeeze the cartridge slightly to force out air. 
When the dasher stops, the cartridge will be filled, and 
the container empty. 


Note 


The machine should be thoroughly cleaned in 
accordance with manufacturer’s instructions 
after each series of mixings. 
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Figure 10-3. Machine for Mixing 
Potting Compound 


10-15. PREPARATION OF HIGH TEMPERATURE 
SEALING COMPOUND. Mix high temperature sealing 
compounds in the proportions as directed or supplied 
by the manufacturer, using one of the three methods 
described in 10—12 through 10-14. 


10-16. STORAGE OF SEALING COMPOUND. 


10-17. STORAGE OF UNMIXED SEALING COM- 
POUND. Store base compound and accelerator ina 
cool place. Shelf life is approximately one year when 
stored below 75 degrees F. 


CAUTION 


Do not store sealing compound at temperatures 
high than 80 degrees F. 


Keep base compound and accelerator togethér in the 
carton as furnished. Note manufacturing date stamped 
on carton, and use oldest material first. 


Note 


Do not use sealing compound which is over 
one year old. 


10—18. STORAGE OF MIXED SEALING COMPOUND. 
Mixed potting compound can be stored for a maximum 
of 36 hours in adeep freezer at -20°F. Mixed compound 
has a 90 minute working life at 75 degrees F, and 50% 
relative humidity. This time is computed from the in- 
stant that the accelerator is added tothe base compound 
and must include the time of mixing and use. If the 
mixed compound is to be stored, it must be cooled 
quickly and thawed quickly to avoid wasting the short 
working life. Thaw the mixed compound by blowing 
compressed air on the outside of the container. Never 
blow compressed air into the container or use heat to 
raise its temperature. The compound should be warm 
enough for use in 5 to 10 minutes. 


10-19. DISPENSERS FOR SEALING COMPOUND. 
Potting compound once mixed should be immediately 
poured into dispenser tubes made of polyethylene, TFE 
or aluminum. If necessary to store mixed compound in 
accordance with 10—18, the compound should first be 
poured into the final dispenser tube. 


Note 


Naval activities should follow BuWeps 
EMC No. 89-55 for dispensers. 


Aluminum tubes (figure 10—4), for use when handling 
small quantities of potting compound are similar to 
toothpaste tubes. These tubes are 2’’ in diameter and 
10’ long. Fold over the filling end and seal before 
storing. A simple key, as shown infigure 10—4 can be 
used to wind up the tube and force out the sealing com- 
pound. 
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Figure 10-4. Tube Dispenser for 
Potting Compound 


10-20. PREPARATION OF TFE-INSULATED WIRE 
FOR POTTING. Because of its chemical composition 
TFE insulation on high temperature electrical wire does 
not adhere well to potting compound. Pre-treated TFE 
wire is available from some wire manufacturers, or the 
TFE insulation may be treated with a sodium etch so- 
lution before potting. Follow the directions given by 
the manufacturer of the solution. 
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SECTION XI 
CONDUIT FABRICATION 


11-1. INTRODUCTION. 


11-2. PURPOSE. Conduit is used to protect electric 
wire and cable from abrasion, corrosive fluids, high 
temperatures, RF interference and damage from cargo 
handling or activities of aircraft personnel. Extensive 
use of conduitis undesirable because of weight. There- 
fore conduit is used only in areas where harmful con- 
ditions exist, in parts of aircraft hard to get at for per- 
manent installation and in as short runs as compatible 
with its protective function. 


11-3. SCOPE. This section outlines recommended 
procedures for the preparation and fabrication of con- 
duit. For installation of conduit into the aircraft see 
section XII. 


11-4. CONDUIT TYPES. Conduitis available in me- 
tallic or non-metallic (plastic) form. Metallic conduit 
is either rigid or flexible; non-metallic conduit is 
flexible. 


11-5. REFERENCE SPECIFICATIONS AND DRAW- 
INGS. 


MIL-I-631 Insulation, Electrical, Synthetic-Resin 
Composition, Nonerigid 
JAN-A-669 = Anti Seize Compound 


MIL-W-5088 Wiring, Aircraft, Installation of 
MIL-C-6136 Conduit, Flexible, Shielded, Aluminum 
Alloy 

Insulation Sleeving, Electrical, Flexible 
Conduit, Electrical, Flexible, Radio Fre- 
quency Shielding 

MIL-I-23053 Insulation Sleeving, Electrical, Flexible, 
Heat-Shrinkable 

Conduit Flexible, Radio Frequency 
Shielding 

Ferrule-Flexible Conduit, Radio Fre- 
quency Shielding 


MIL-1-7444 
MIL-C-793] 


MS 25064 


MS 250065 


MS 25066 Nut-Flexible Conduit, Radio Frequency 
Shielding 

MS 25067 Conduit Assembly-Flexible, Radio Fre- 
quency Shielding 

AN3048 Ferrule-Conduit, Flexible, One step Syn- 
thetic Covered 

AN3050 Ferrule-Conduit, Flexible 

AN3051 Ferrule-Conduit, Flexible, One step 

AN3052 Ferrule-Conduit, Flexible, Two step 

AN3053 Ferrule-Rigid Conduit 

AN3054 Nut-Conduit Coupling 


200 


AN3083 Ferrule-Conduit, Flexible, 2 - step, Syn- 
thetic Covered 

AND10106 = Tubing-Standard Sizes for Aluminum Alloy 
(52S0 Round) 

AND 10380 Fitting Installation Standard AN Conduit 

AND10391 Conduit Assembly-Flexible Metallic 


11-6. METALLIC CONDUIT. 


11-7, GENERAL. Metallic conduit is either rigid or 
flexible. Regid metallic conduit is aluminum alloy tubing 
and confirms to the requirements of Standard Drawing 
AND10106. Aluminum Flexible conduit conforms to 
Military Specification MIL-C-6136, which covers two 

types: Type 1-Bare Flexible Conduit, and Type Il- 
Rubber Covered Flexible Conduit. Brass flexible con 
duit conforms to Military Specification MIL-C-7931 and 
Military Standard Drawing MS 25064. Flexible aluminum 
conduit is used only when it is impracticable to use 
rigid conduit, such as in areas wherethe necessary 
bends are so complex as to interfere with installation, 
or where there is relative motion between the conduit 
ends. Flexible brass conduit is used instead of flex- 
ible aluminum in areas where it is necessary to mini- 
mize RF interference. 


11-8. SELECTION OF CONDUIT SIZE. The protec- 
ted wire or wire bundle diameter must not be more than 
80% of the inside diameter of the conduit. (See figure 
11-1). 


DIAMETER OF WIRE BUNDLE NOT MORE THAN 
80% OF INSIDE DIAMETER OF CONDUIT 





Figure 11-1. Capacity Limits for Conduit 








Note 


Rigid metallic conduit is supplied in outside 
diameter sizes. Subtract twice the wall thick- 
ness to obtain the inside diameter. Flexible 
metallic conduitis supplied in inside diameter 
sizes; no calculation of diameter is necessary. 


Determine conduit length to accomodate length of wire 
to be installedin conduit between connections, so that 
when conduit is installed there is no strain on the wires. 


11-9. PREPARATION OF RIGID METALLIC CON- 
DUIT. Prepare rigidmetallic conduit for fabrication as 
follows: 


a. Cutconduit to alength approximately 10% greater 
than estimated required length using tubing cutter or 
hack saw. 


Note 


It is not necessary to clean up conduit ends 
at this point. 


b. Make required bends in conduit, using a hand 
tube bender as illustrated in figure 11-2, Each nominal 
tube size requires a different bender to get the proper 
bend radius. See table 11—1 for minimum bend radii 
allowable for rigid conduit. 


TABLE 11-1 
Bend Radii for Rigid Conduit 


Nominal Minimum Bend 
Tube OD Radii (Inches) 
1/8 3/8 

3/16 9/16 
1/4 3/4 
3/8 1-1/8 
1/2 1-1/2 
5/8 1-7/8 
3/4 2—1/4 
l 3 
1-1/4 3-3/4 
1-1/2 4-1/2 
1—3/4 $-1/4 
2 6 
CAUTION 


When replacing rigid conduit with fittings art 
both ends make bends as in the original in- 
stallation. Rigid conduit with fixed end con- 
nections must have at least one bend in the 
run. It cannot be cut or installed accurately 
enough to avoid mechanical strain on the tub- 
ing or fittings. When installing new rigid con- 
duit, avoid a straight path between fixed con- 
nections, 
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c. Examine conduit bends for cracks, and for flat- 
tening which may reduce the area. When tubing is flat- 
tened into an ellipse whose minor diameter is 75% of 
the nominal tubing diameter, the area is reduced by 
10%. If che conduit is flattened more than this, reject 
it. See figure 11—3 for examples of good and bad bends. 


d. Cut conduit to final length with a tubing cutter 
as shown in figure 11—4. If atubing cutter is not avail- 
able use a hack saw with 32 tooth blade. 


e. File cut endsof conduit square with a fine tooth- 
ed flat file. Ifa hack saw has been used, file the ends 
of the conduit until all saw marks have beenremoved. 


f. Remove burrs from conduit end with a deburring 
tool. If this is not available, use a file on outside sur- 
faces nnd taper reamer on the inside surfaces. 


CAUTION 


Make sure all sharp edges are removed from 
conduit ends as they may cut the wire insu- 
lation. 


11-10. FABRICATION OF RIGID METALLIC CON- 
DUIT. If rigid metallic conduit is to be assembled to 
a box connector, select a ferrule and nut of the proper 
size from table 11—2. Slide the nut back onto the con- 
duit, and install ferrule on cut end, as shown in figure 
11—5. Connection is tightened when nut is coupled to 
box connector at assembly. When rigid conduit is not 
to be attached to a box connector, flare the ends with 
@ spinning cool as shown in figure 11-6. 


TABLE 11-2 
AN Fittings for Rigid Conduit 


Nominal 
Conduit Size Coupling 
°(OD inches) Ferrule Nut 
3/16 AN3053-—3 AN 3054-3 
1/4 AN3053—4 AN 3054-4 
3/8 AN3053—6 AN3054—6 
1/2 AN 3053-8 SN 3054-8 
5/8 AN3053—10 AN3054-—10 
3/4 AN3053-—12 AN 3054-12 
l AN305 3-16 AN3054—16 
1-1/4 AN3053-—20 AN3054—20 
1-1/2 AN3053—24 AN3054—24 
1-3/4 AN3053-—28 AN3054—28 
2 AN3053—32 AN3054—32 
2- V/2 AN3053—40 AN3054—40 
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NOTE: THIS BENDER CAN BE SLIPPED OVER l. RAISE SLIDE 
PARTIALLY CONNECTED CONDUIT AS IT BAR UPWARD 
IS APPLIED AT DIRECT POINT OF BEND 











RIGHT HAND 





LEFT HAND iS 
= 3. PREPARE TO RAISE CLIP OVER CONDUIT 


NOTE: ZERO MARK COINCIDES 
WITH MARK ON BLOCK 







4. DROP CLIP OVER CONDUIT 


5. WITH RIGHT HAND, CONTINUE 
TO BEND CONDUIT TO DESIRED 
ANGLE BY PRESSING HANDLE 
AS SHOWN BELOW 


90° MARK 












6. TO REMOVE BENT CONDUIT 
L!FT SLIDE BAR HANDLE 
TO ORIGINAL POSITION 
AND RAISE CLIP 





) RIGHT HAND 









\ A BEND OF 90° 
DONE AS SHOWN 
IN ABOVE STEPS 


LEFT HAND (a 





Figure 1]-2. Bending Rigid Metallic Conduit 
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—_— ee 


7 
5 





PERFECT BEND FLATTENED BEND 


WRINKLED BEND KINKED BEND 





Figure 1]~3. Goad and Bad Conduit Bends 


ROTATED TOWARD OPEN 
SIDE OF CUTTER 


CONDUIT 


CLEAN CUT 





Figure 11-4. Cutting Rigid Metallic Conduit 
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COUPLING 
NUT AN3054 


RIGID METALLIC CONDUIT 


FERRULE 
AN3053 





Figure 11-5. Installing Nut and Ferrule on 
Rigid Metallic Conduit 


SPINNING TOOL 


~eeaw weweeawA 


FLARED 
CONDUIT INSERT TOOL 





Figure 11-6. Flaring Rigid Metallic Conduit 
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11-11. PREPARATION OF FLEXIBLE ALUMINUM 
CONDUIT FOR AMPHENOL ASSEMBLY MACHINE. 
Prerare flexible aluminum conduit prior to fabrication 
as follows: 


a. Extend conduit to remove slack and mark length 
to be cut. 


b. Place a tight wrap of transparent adhesive tape 
around bare conduit at marked point, so that cut will 
be made through center of tape. The tape will minimize 
fraying of the braid during the cutting operation. Do 


not tape rubber covered conduit. Figure 11-8. Trimming Frayed Ends of 
Flexible Conduit 





c. Place conduit in appropriate slot of saw vise 
adapter. The adapter insures that a square cut will be 
made, 


d. Cut through conduit with a hack saw as shown in 
figure 11-7. 


e. Remove tape, if used, from conduit ends. 


f. Trim frayed ends of braid with end nippers or 
shears. See figure 11-8. 


g- Remove all burrs from inside of conduit at each 
end with a knife or fine cut round file. 


h. For rubber covered flexible conduit, strip rubber 
cover with a knife, or witha stripping fixture as shown 
in figure 11-9, See table 11—3 for stripping length. 


CAUTION 


Do not cut or nick braid, 


AMPHENOL CONDUIT 
STRIPPING MACHINE 





Figuse 11-9. Stripping Rubber Cover from 





Flexible Conduit 
TABLE 11-3 
Stripping length for Rubber-Covered Flexible Conduit 
Nominal Conduit Size Stripping Length 
(inches) (inches) 
3/16 7/32 
1/4 7/32 
3/8 7/32 
1/2 7/32 
5/8 7/32 
3/4 1/4 
l 5/16 
32 TOOTH BLADE 1-1/4 5/16 
1-1/2 3/8 
1-3/4 /16 
2 1/2 
Figure 11-7. Cutting Flexible Conduit 2~1/2 1/2 
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11-12. PREPARATION OF FLENIBIE ALUMINUM 
CONDUIT FOR BREEZE SWAGING MACHINE. Pres 
pare flexible aluminum conduit prior to fabrication, as 
follows: 


a. Extend conduit to remove slack, and mark length 
to be cut. 


b. Place a tight wrap of transparent adhesive tape 
around bare conduit at marked point, so that cut will 
be made through center of tape. The tape will minimize 
fraying of the braid during the cutting operation. Do 
not tape rubber covered conduit, 


c. Place conduit in appropriate slot of saw vise 
adaprer. The adapter insures that a square cut will be 
made, 


d. Cute through conduit with a hack saw as shown 
in figure 11-7. 


e. Remove tape, if used, from conduit ends, 


f. Trim frayed ends of braid with end nippers or 
shears. See figure 11-8. 


ge Remove all burrs from inside of conduit at each 
end with knife or fine cut round file. 
Note 
The following steps apply only to rubber cov- 


ered flexible conduit, 


h. Trim off rubber cover 1/8 inch with a knife or 
stripping fixture as shown tn figure 11-9. 


CAUTION 


Do not nick or cut braid, 


i. Slide collar selected from table I1—4 on conduit. 


je Roll the rubber back on itself so that approxi- 
mately 1-7/8 inch of braid is exposed, 


TABLE 11-4 


Collars for Rubber-Covered Flexible Aluminun. 


Conduit used with Breeze Swaging Machine 


Nominal 
Conduit Size 


Aluminum Collar 
(Breeze No.) 


3/16 117—3-—A0187 
1/4 117-3~A0250 
3/8 117—3-—A0375 
1/2 117~3—A0500 
5/8 117~3—A0625 
3/4 117--3—A0750 
1 117—3—A1000 
1-1/4 117-—3-A1250 
1-1/2 117-3—A1500 
2 117-3—A2000 
2-1/2 117-3-—A2500 
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11-13. PREPARATION OF FLEXIBLE BRASS CON- 
DUIT FOR BREEZE SWAGING MACHINE. Prepare 
brass conduit prior to fabrication, as follows: 


a. Extend conduit enough to remove slack, and mark 
length to be cut, plus one inch to allow for fraying of 
strands during solder dip operation (one half inch will 
be removed from each end of conduit after solder 
dip operation. ) 


b. Place conduit in appropriate slot of saw vise 
adapter. The adapter insures that a square cut will be 
made, 


c. Cut through conduit with a hack saw as shown 
in figure 11—7, 


Note 


Steps d, e & f, apply only to rubber covered 
brass flexible conduit. 


d. Trim of rubber cover 5/8 inch with a knife or 
trimming fixture as shown in figure 11-9. 


e. Slide collar selected fromtable []—l0 on conduit. 


f. Roll rubber back on itself so that approximately 
3-3/8 inch of braid is exposed, 


g- Tin ends of conduit in solder pot using rosin-a}- 
cohol flux and 50/50 tin-lead solder. Tin approximately 
one inch at each end, 


h. Cut approximately one half inch from each end 
of the conduit, as describedin steps b and c, to re- 
quired length, 


i. Trim frayed ends of braid with end nippers or 
shears as shown in figure 11-8. 


je Remove all burrs from inside of conduit at each 
end, using a knife or fine cut round file, 


11-14, SELECTION OF FITTINGS FOR FLEXIBLE 
ALUMINUM CONDUIT. Select a ferrule and nut of the 
required type and size from table 11-5 for bare alumi- 
num (Type 1) conduit, or fromthe table 11-6 for rubber 
covered aluminum (Type II) conduit. 


Note 


Select collar from table 11—4, in addition to 
above, for rubber covered conduit if Breeze 
swaging machine is used, 
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Conduit Size 


206 


Nominal 


3/16 
3/16 


1/4 
1/4 


1/4 


3/8 
3/8 
3/8 


1/2 
1/2 
1/2 


5/8 
5/8 
5/8 


3/4 
3/4 
3/4 


1-1/4 
1-1/4 
1-1/4 


1-1/2 
1-1/2 
1-1/2 


1-3/4 
1-3/4 
1-3/4 


2-1/2 


Regular 
Ferrule 


AN 3050-3 


AN30S0—4 


AN 3050-6 


AN 3050-8 


AN3050—10 


AN3050-12 


AN3050—16 


AN3050—20 


AN3050-—24 


AN3050—28 


AN3050—32 


AN 3050—40 


TABLE 11-5 
AN Fittings for Bare Aluminum (Type I) Flexible Metallic Conduit 


One-Step Up 
Ferrule 


AN 3051-3 


AN305 1-4 


AN305 1-6 


AN3051-8 


AN3051—10 


AN305 1-12 


AN3051-16 


AN305 1—20 


AN305 1-24 


AN305 1-28 


AN305 1-32 


Two-Step Up 


Ferrule 


AN3082-—4 


AN3052-6 


AN3052-8 


AN 3052-10 


AN 3052-12 


AN305 2-16 


AN 305 2—20 


AN 3052-24 


AN 305 2—28 


Nut 


AN 3054-3 
AN 3054-4 


AN3054—4 
AN 3054—6 
AN3054-8 


AN3054—6 
AN3054-8 
AN 3054-10 


AN3054-8 
AN3054-10 
AN 3054-12 


AN 3054—10 
AN 3054-12 
AN3054—16 


AN3054—12 
AN 3054-16 
AN3054—20 


AN3054—16 
AN3054—20 
AN3054—24 


AN3054—20 
AN3054—24 
AN3054—28 


AN3054—24 
AN3054—28 
AN 3054-32 


AN3054—28 
AN3054—32 
AN3054-—40 


AN 3054-32 
AN3054—40 


AN3054—40 


TABLE 11-6 
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AN Fittings for Rubber Covered Aluminum (Type II) Flexible Metallic Conduit 


Nominal 


Conduit Size 


3/16 
3/16 


1/4 
1/4 
1/4 


3/8 
3/8 
3/8 


1/2 
1/2 
1/2 


5/8 
5/8 
5/8 


3/4 
3/4 
3/4 


1-1/4 
1-1/4 
1-1/4 


1-1/2 
1-1/2 
1~1/2 


1-3/4 
1-3/4 
1-3/4 


N BO 


2-1/2 


Regular 
Ferrule 


AN 3050-3 


AN3050—4 


AN3050—6 


AN3050-8 


AN 3050-10 


AN3050—12 


AN 3050-16 


AN 3050-20 


AN2050—24 


AN 3050-28 


AN3050—32 


AN3050—40 


One-Step Up 


Ferrule 


AN3051-—3 


AN3051-—4 


AN305 1-6 


AN305 1-8 


AN305 1-10 


AN305 1-12 


AN 3048-16 


AN3048—20 


AN 3048-24 


AN 3048—28 


AN 3048-32 


Two-Step Up 


Ferrule 


AN3052-4 


AN305 2-6 


AN 3052-8 


AN 3052-10 


AN3052—12 


AN3083—16 


AN3038— 20 


AN3083—24 


AN3083—28 


Nut 


AN3054—3 
AN3054—4 


AN3054—4 
AN3054—6 
AN3054-8 


AN3054-6 
AN3054-8 
AN 3054-10 


AN3054-8 
AN3054-10 
AN3054—12 


AN 3054-10 
AN3054—12 
AN3054-16 


AN3054—12 
AN3054-16 
AN 3054-20 


AN 3054-16 
AN 305 4— 20 
AN 3054-24 


AN 3054-20 
AN3054-—24 
AN3054-—28 


AN3054—24 
AN 3054-28 
AN 3054-32 


AN3054—28 
AN3054—32 
AN3054—40 


AN3054—32 
AN305 4-40 


AN3054-—40 
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UPPER HALF COLLET 


SMALLER INSIDE 
DIAMETER SAME 
AS OUTSIDE 
DIAMETER OF 
FERRULE 


IF 


OUTSIDE DIAMETER 
OF FERRULE 


LIP DIAMETER 
OF FERRULE 


FERRULE 


MANDREL 


AY 


LOWER HALF LARGER INSIDE 


DIAMETER SAME AS 
LIP OF FERRULE 


COLLET 


FLANGE OF MANDREL 
SAME DIAMETER AS 
LIP OF FERRULE 





Figure 11-10. Mandrel and Collet for 
Amphenol Machine 
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11-15. PREPARATION AND USE OF AMPHENOL 
FERRULE ASSEMBLING MACHINE. Prepare and use 
ferrule assembling machine as follows: 


a. Select mandrel with anOD that will allow ferrule 
being used to fit snugly on it, against the mandrel 
flange. Selece a collet which will provide a snug fit 
on the ferrule lip. See figure 11-10. 


b. Rotate mandrel wheel indirection shown by arrow 
until shaftis fully retracted as in figure 11-11. 


c. Rotate adjustment screw in direction shown by 
arrow until beading rollers are fully retracted. 


d. Place mandrel in shaft as in figure 11-12. 
e. Drop lower half of collet in place. 


f. Rotate mandrel wheel indirection shown by arrow 
until mandrel is in light contact with collet. (See fig- 
ure 11—13) 


ge Make sure chat mandrel is seated in shaft, and 
tighten set screw with wrenchas shown in figure 11-13. 


h. Rotate mandrel wheel in opposite direction until 
mandrel is fully retracted. 


i. Wash ferrule and nut in Stoddard’s solvent to re- 
move petrolatum, and dry thoroughly with air blast. 
Coat threads of nut with anti-seize compound (Military 
Specification J AN-A-669). 


je Slipnuton to conduit, and insert conduit end into 
ferrule until conduit bottoms, as shown in figures 11-14 
and 11-15. 


k. Rotate mandrel wheel indirection shown by arrow 
in figure 11—l6a, to start mandrel forward, at the same 
time slipping conduit and ferrule assembly firmly onto 
mandrel. Drop upper half of collet into place, and con- 
tinue rotation of mandrel wheel until ferrule is held 
firmly between mandrel flange and collet flanges. See 
figure 11—16b. 


I, Turn adjustment screw (figure 11—17) clockwise 
until beading rollers exert slight pressure on ferrule. 


m. Rotate crimping wheel back and forth, at the 
Same time turn adjustment screw clockwise in four steps 
or until the desired depth of impression is achieved. 
See figure 11—18 for illustration of good ferrule crimp. 
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WRENCH TO LOCK 
TO RETRACT MANDREL SHAFT MANDREL SET 
TO PUSH MANDREL SCREW 
MANDREL WHEEL FORWARD BEFORE 
LOCKING 


BEADING ROLLER 
ADJUSTMENT KNOB MANDREL 





Figure 11-11. Retracting Mandrel Shaft Figure 11—13. Locking Mandrel in Place 


LOWER HALF COLLET 





Figure 11-12. Installing Mandrel and Lower Figure 11-14. Bare Flexible Conduit 
Half Collet Ready for Swaging 
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Figure 11-15. Rubber-Covered Flexible Conduit 
Ready for Swaging 
CAUTION 


Do not attempt to get full depth of crimp in 
one rotation as this will crack the aluminum 
ferrule. Watch beading closely during the op- 
eration, and stop rotation of crimping wheel 
when sufficient depth is reached, 


n. Retract beading rollers fully. 


0. Hold crimped conduit firmly, and retract mandrel 
fully. 


p- Remove upper half of collet, and remove crimped 
conduit. 


q- Test ferrule crimp by applying 50 pound pull test. 


CAUTION 


Hold conduit tight and square against ferrule 
during entire operation. 
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UPPER HALF COLLET 


CONDUIT ON 
MANDREL 


FERRULE ASSEMBLED 
ON CONDUIT 


CONDUIT IN 
PLACE READY 
FOR CRIMPING 


Figure 11-16. Placing Conduit Assembly in Machine 


CRIMPING WHEEL 


BEADING ROLLER 
ADJUSTMENT SCREW 





Figure 11-17. Crimping Ferrule 


INSIDE 
SMOOTH 


NO CRACKS 


Figure 11-18. Good Crimped Ferrule 


11-16, PREPARATION AND USE OF BREEZE MA- 
CHINE FOR FLEXIBLE ALUMINUM CONDUIT. Pre- 
pare and use the Breeze swaging machine as follows: 


a. Place die shoe holder ‘'A’’ in swaging machine 
as shown in figure 11-19. The countersunk portion 
should face swaging handle ‘'B’’. 


b. Fasten die shoe holder ‘'A’’ in place by moving 
plates ‘‘C’’ over edges of die shoe holder. Tighten 
four screws in plates ‘‘C’’. 


c. Select proper punch and die for the ferrule to be 
swaged from table 11-7. 


d. Place die ‘'D’’ in die shoe holder ‘'A’’ and tight- 
en in place with four screws ‘‘E’’. Oil inside surfaces 
of die, 
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A — DIE SHOE HOLDER 


D — INSERT DIE 


C —- PLATE 
AND SCREW 


H — DIE HANDLE 
G — PUNCH 
F — COLLAR 


J - DIE 
HANDLE 


B — SWAGING 
HANDLE 


E — DIE SET 
SCREW 
K — PLUNGER 


M — PUNCH STOP RETRACTED 


SET SCREWS 


N — PUNCH STOP 


DIES OPEN - READY FOR CONDUIT INSTALLATION 


PUNCH LOCKING 
SET SCREW 


DIES CLOSED — PLUNGER PARTIALLY ACTIVATED 





Figure 11-19. Breeze Ferrule Swaging Machine 
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TABLE 11-7 


Accessories for Breeze Swaging Machine 


Machine 

Conduit Collar 

3°16 - 

1/4 4257-—1-—20 

3/8 4257-—1-20 

1/2 4257-—2-20 

5/8 4257-—2-20 

3/4 4257-—2-20 
J 4257-—3-—20 
1-1/4 4257-—3-—20 
1-1/2 4257—3-—20 
1-3/4 4257—3-20 
2 4257-—3-—20 
2-1/2 4257-—3—20 


e. Place collar ‘‘F’’ over solid end of punch ‘'G”’ 
so that collar flange will face swaging handle ‘'B”’ 
when installed. Collar ‘tF’’ has internal spring loaded 
pins which must enter holes in punch ‘'G’’. 


cep 


f. Install punch ‘'G’’ and collar on plunger 
"*K’’, Collar flange must face swaging handle ‘‘B’’ 
end of machine. Use hex wrench through hole in collar 
to lock punch ‘'G’’ in place in plunger ‘‘K’’. Machine 
is now ready for use. Prepare conduit assembly as 
follows: 


g- Wash ferrule and nut in Stoddard’s solvent to re- 
move petrolatum, and dry thoroughly with air blast. 
Coat threads of nut with anti-sieze compound (Military 
Specification J AN-A-669). 


h. Slide nut on conduit and insert conduit end into 
ferrule as far as it will go. See figure 11-14. 


i. Place conduit with ferrule to be swaged in die 
‘*D’’. Pull die handles ‘‘H’’ and ‘‘]’’ down, clamping 
ferrule in position. Only 1/8”’ of ferrule should be in- 
side die ''D’’. 

j- Rotate collar ''F’’ so that internal spring loaded 
pins DO NOT line up with holes in punch. This will 
prevent the plunger ‘‘K’’ from expanding punch ‘‘G’’ 
during punch adjustment in next two steps. 


k. Loosen punch limit screws ‘‘M’’ and pull gently 
on swaging handle ‘B’’ so that punch forces ferrule 
into die. Set punch limit screws so that punch ‘'G”’ 
does not crush shoulder of ferrule against face of die 
ol hae 


1. Flange of collar ‘'F’’ should now rest against 
rear (swaging handle end) of punch stop ‘‘N’’, prevent- 
ing further forward travel of punch. The machine is now 
adjusted for repeated swaging operations on similar 
size ferrules, 
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Ferrule Punch Ferrule die 


17-13-0187 19-19-0187 
15—0250—110 9-19-0250 
15—0375-—110 19—19—0375 
15-—0500-—120 19— 19-0500 
15—0625-—120 19-19-0625 
15-—0750—120 19-19-0750 
15— 1000-140 19—1000—40 
1S—1250—140 19—1250—40 
[5— 1500-140 19—1500-—40 
15-—1750—150 19—1750—40 
15— 2000-150 19—2000-—40 
15—2500-—150 19—2500—40 


m. Rotate collar ‘'F’’ so that pins LINE UP with 


holes in punch. This cannot be seen but can be felt. 


n. Pull handle ''B’’ forward, expanding punch ‘'G”’ 
inside of ferrule. This is the swaging operation. Re- 
peat several times to obtain smooth surface inside fere 
rule, 


o. Release swaging handle ‘'B’’ and die handles 
"TH"? and ‘J’? to remove conduit from machine. 


p. Check inside diameter of ferrule to dimensions 
in table 11-8. If inside diameter is too small, repeat 
steps iandn. If inside diameter is too large, reject 
the assembly. 


q. Test ferrule crimp by applying 50 pound pull test. 


TABLE 11-8 


Ferrule Diameter After Swaging 


Conduit ID of ferrule 

Size after swaging 
3/16 ~157 
1/4 .220 
3/8 345 
1/2 ~470 
5/8 2995 
3/4 720 
l 970 
1—1/4 1.225 
1-1/2 1.470 
1-3/4 1.720 
2 1.970 
2-1/2 2.470 


Note 


The following steps (r through w) apply only 
when rubber covered conduit is being fabri- 
cated, 
r. Remove dies ‘‘D’’, collar ‘SF’’ and punch G”’ 
from machine. Select new dies and punch to match 
conduit diameter from table 11-9. Install these parts 
in same manner as previous installations of di¢s and 


punch (refer to 11—16, steps d and f). 
Note 


The collar ‘*F’’ is omitted from machine for 
the following operation, 


s. Roll rubber cover of conduit back in-place, and 
slide conduit collar into position as shown in figure 
11-20. Temporarily insert 1°32 inch spacer between 
conduit collar and back of nut. 


t. Fit conduit into machine so that conduit collar 
fits into cutout in dies ‘'D’’. 


u. Close die handles ‘‘H’’ and ‘'J’’, 


v. Pull swaging handle ''B’’to swage conduit collar 
onto conduit. 


w. Remove temporary spacer and examine clearance 
between nut and collar. Use aknife to remove any rub- 
ber extruded from under collar. 


COLLAR 


RUBBER COVER 
ROLLED BACK 


AN3054 COUPLING NUT 


AN3050 FERRULE 





Figure 11-20. Rubber Covered Conduit 


Prepared for Breeze Machine 


Section Xl 
Parogrophs 11-17 to 11~20 


TABLE 11-9 


Collar Punches and Dies for Breeze Swaging Machine 








Nominal Collar Collar 
Conduit Size Punch Die 
3/16 18—3—-187 19—8— 187 
Li 4 18— 3-250 19—8—250 
3/8 18—3-—375 19-8-—375 
172 18—3—S00 19—8—500 
5.8 18—3-—625 19—8-625 
3/4 18—3—750 19—8—750 
l 18—3—-— 1000 19—8—1000 
1-1/4 18-—3—1250 19—8—1250 
l~1/2 18—3—1500 19-—8-1500 


11-17, SELECTION OF FITTINGS FOR FLEXIBLE 
BRASS CONDUIT. Select ferrule and nut for bare flex- 
ible brass conduit from table 11-10. Usethe same fer- 
rule and nut for rubber covered brass conduit, and add 
conduit collar of appropriate size. Use the Military 
Standard fittings listed in table 11-10 when possible. 
If these are not available in the required size, use the 
commercial fitting listed in the table. 


11-18. FABRICATION OF FLEXIBLE BRASS CON- 
DUIT. Referto figures 11—19 through 11-21. Fabricate 
flexible brass conduit, using Breeze swaging machine, 
as follows: 


a. Dip ferrule andnut, (and collar, when rubber cov- 
ered brass conduit is being used), in Stoddard’s solvent 
to remove petrolatum. Dry thoroughly with air blast. 


b. Tin rear half of ferrule, using rosin-alcohol flux 
and 50/50 tin-lead solder. Use solder pot for this op- 
eracvion. 


c. Slip nut onto conduit and insert pre-tinned con- 
duit end into ferrule until conduit bottoms. 


d. Swage ferrule to conduit following instructions 
listed in 11-16, steps a through q. 


e. Solder ferrule to conduit with electrical resis- 
tance unit as shown in figure 11—22, using rosin core 
60/40 tinelead solder. Fill with solder until there are 
no blow holes between ferrule and conduit, and the 
exterior is smooth, 


f. Lubricate threads of nut with Military Specifica- 
tion JAN-A-669, anti-seize compound, When rubber 
covered brass conduit is being fabricated, swage collar 
to conduit «as instructed in 11—16, steps r through w. 


11-19. NON-METALLIC CONDUIT. 


11-20. GENERAL. Nonmetallic conduit is made of 
flexible plastic tubing, conforming to Military Speci- 
fications MIL-I-631 or MIL-I-7444. There is no Govern- 
ment specification for rigid non-metallic conduit; phe- 
nolic tubing is sometimes used, 
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Nominal 
Conduit 
Size 

3/16 


1/4 


5/16 


3/8 


1/2 


5/8 


3/4 


1-1/8 


1-1/4 


1-3/8 


1-1/2 


1-3/4 


2-1/2 
214 


R egular Ferrule 


MS Number 


MS25065—3 


MS250¢5—4 


MS25065—5 


MS25065—6 


MS25065-8 


MS25065-—10 


MS25065—-12 


MS25065~16 


MS25065— lo 


MS25065—22 


Breeze No. 


11-1-—B3 


11-—1-B4 


11-1-—B6 


11-—1-B8 


11—1-—B10 


11-1-Bl12 


11~1-B16 


11—1-—B20 


11-1-—B24 


11—1-—B28 


11-—1—B32 


11—1-—B40 


TABLE 11-10 


Fittings for Flexible Brass Conduit 


One Step 
Ferrule 


11—2-B3 


11—2-B4 


11—2-—B6 


11—2-—B8 


11-—2-B10 


11—2-B12 


11-2-B16 


11—2-—B20 


11—2-—B24 


11—2—B28 


11—2—B32 


Two Step 
Ferrule 


11—3-B3 


11-3-B4 


11-3-—B6 


11-3-B8 


11-3-—B10 


11-—3-B12 


11-3-—B16 


11—3-—B20 


11—3-B24 


11-3-—B28 


Nut 
MS Number 


MS25066-— 10 


MS25066—11 


MS25066—12 


MS25066— 14 


MS25066-16 


MS25066—19 


MS25066~23 


MS25066—26 


MS25066—30 


MS25066—31 


Breeze No. 


118—22—B3 
118—22—B4 
118—22—B6 


118—22-B4 
118—22—B6 
118—22-—B8 


118—22—B6 
118—22—B8 
118—22-B10 


118—22-B8 
118—22—B 10 
118-—22-—B12 


118—22-B10 
118—22—B12 
118—22—B16 


118-22-—B12 
118—22—B 16 
118—22—B20 


118—22-—B16 
118—22—B20 
118-—22-—B24 


118~—22—B20 
118—22—B24 
118~—22—B28 


118—22—B24 
118—22—B28 
118—22—B32 


118~22-—B28 
118—22—B32 
118—22-—B40 


118—22-—B32 
118—22—B40 


118—22—B40 


Collar for Rubber 


Covered Conduit 


117—3—B0 187 


117—3-—B0250 


117—3—B0375 


117-—3—B0500 


117-3-—B0625 


117-—3—B0750 


117-—3—B1000 


117—3-—B1250 


117—3—B1500 


117—3—B 2000 


117—3—B2500 


COUPLING 





Figure 11-21. Final Position of Collar on 
Rubber Covered Conduit 


SOLDER 60/40 
TIN LEAD 


‘Si 


BRASS COUPLING 
CONDUIT NUT 





Figure 11-22. Soldering Ferrule to Brass Conduit 
CAUTION 


Use nor-metallic conduit ONLY inareas where 
the ambient temperature is less than 200°F 


11-21, FABRICATION OF NONMET ALLIC CONDUIT 
USING TWO-PIECE FERRULES. Fabricate non-met- 
allic conduit with two-piece ferrules as follows: 


a. Cut plastic tubing to required length. 


b. Slip an AN 3054 Nut and the female ferrule over 
conduit. 


c. Insert male ferrule into conduit end, 
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d. Move female ferrule toward end of conduit over 
male ferrule, until the ferrule flanges are a maximum 
of 1/32 inch apart as shown in figure 11-23. 


e. Lubricate threads of nut with Military Specifi- 
cation J AN-A-669, anti-seize compound. This completes 
the fabrication prior to assembly to mating equipment. 


Note 


During assembly to mating equipment, the 
tightening of the nut to the equipment will 
lock the ferrule onto the flexible conduit. 


PLASTIC OUTER INNER 


TUBING 


FERRULE FERRULE 


AN3054 
COUPLING 


NUT 





Figure 11-23. Installing Two-Piece Ferrule 
On Non-Metallic Conduit 


11-22, USE OF HEAT-SHRINKABLE TUBING. Poly- 
ethylene tubing, which is shrunk to the desired size by 
the application of dry heat, may be used to protect sin- 
gle wires or wire groups where they break out from wire 
bundles or harnesses. The installation procedure is 
as follows: 


a. Select from table 11-11 tubing of an ID that can 
be slipped easily over the wire or wire group. 


b. Use a hot-air gun (see figure 11-24), hair dryer 
or other suitable method as a heat source. Hold the 
heat source fourto five inches away from the wire, and 
apply a heat of 275. F to 300° F for approximately 30 
seconds. Rotate the wire while applying the heat, so 
that the heat is evenly distributed, 


c. Remove the heat as soon as the tubing forms to 
the shape of the wire, and allow to cool for approxi- 
mately 30 seconds before handling. 
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TABLE 11-11 CAUTION 
Sizes of Heat-Shrinkable Tubing Do not apply heat higher than 300°F as this 
may damage the wire. Donot continue to ap- 
Expanded ID Recovered ID ply hear after the tubing has’ shrunk onto 
Sleeve (inches) (inches) the wire; further application of heat will not 
Size As supplied After Heating cause it to shrink fur ther. 
(Thermofit) Minimum Maximum 


d. If the tubing does not shrink onto the wire in ap- 
proximately 30 seconds thetubing selectedis probably 


24 -050 027 too large. Select the next smallest size, and repeat 
22 -055 -032 the procedure, 

20 .060 039 
18 .076 049 
16 .093 .061 
14 ~ 120 .072 
12 153 .089 
10 191 112 
8 . 240 141 
6 .302 178 
4 348 224 
2 375 0275 
5/16 in. 413 334 
3/8 in .484 399 
7/16 in. -578 -462 
1/2 in. -671 524 
5/8 in. 843 655 
3/4 in 1.000 .786 
7/8 in. 1.187 911 
1 in. 1.335 1.036 
1-1/4 in. 1.670 1.290 
1-1/2 in. 2.000 1.550 
1—3/4 in. 2.335 1.812 
2 in. 2.670 2.070 


REFLECTOR 





Figure 11-24. Electric Hot-Air Gun 
216 


Section XII 
Paragraphs 12-1 to 12-9 


SECTION Xil 
SPECIAL ELECTRICAL WIRING HARNESSES 


12-1. INTRODUCTION. 


12—2. GENERAL. Most of the interconnecting elec- 
trical wiring in military aircraft is in the form of open 
wire bundles as described in section XIV (refer to 
14-4). In areas where it is necessary to protect the 
Wiring against various types of damage, wire bundles 
are enclosed in conduit. However, because of the 
weight faccor, extensive use of conduit is not desirable. 
Hook-up wire is sometimes used as inter-connecting 
wire to save weight and space, but this is permitted 
only when the hook-up wire is properly protected ina 
jacketed harness. In order to take advantage of the 
weight and space saving properties of hook-up wire, 
special protectively encased harnesses are used. These 
harnesses are predesigned and prefabricated for instal- 
lation in specific predetermined locations in the air- 
frame, and are installed or replaced as a single unit. 


12-3, SCOPE. This sectiondescribes the appearance, 
fabrication, installation, repair and special features of 
two wiring harnesses. These are: 


a. A rigidmoldcd prefabricated harness used in the 
electrical wiring system of F8 airplanes, 


b. Acompact jacketed wire bundle used in the elece 
trical wiring system of F-4 airplanes. 


12-4, MOLDED HARD HARNESS 


12~—5. GENERAL. The molded hard harness wiring 
system is a prefabricated, self-contained wire and 
plastic duct assembly. It 1s used to interconnect elec- 
trical and electronic equipment areas in a specific aire 
craft. It was developed to produce a compact harness, 
resistive to chafing, bending and mechanical damage. 
Its use is confined to electrically protected wiring on- 
ly, and to those wires which may be combined with 
others,as inaconventional wire group or bundle. Ther- 
mocouple wires and coaxial cables are not included in 
molded hard harnesses. 


Physically, molded harnesses are treated as structural 
elements and their fabrication and installation are cov- 
ered by the structural drawings for a specific aircraft. 
Electrically the compacted wires are detailed in the 
aircraft manufacturer’s Hard Harness Usage Charts for 
the specific aircraft. Each of these charts is a coded 
wiring diagram for a particular hard harness assembly. 


12-6. REFERENCE SPECIFICATIONS. 

CVA 11-1 Fabrication and Installation of Fiberglass 

Molded Wiring Harness 

MIL-W-16878 Wire, Electrical, Insulated, High Temper- 
ature 


12-7. DESCRIPTION. 


12-8. MOLDED HARD HARNESS WIRING SYSTEM. 
Each complete system is made up of the separate hard 
harness assemblies detailed in the Harness Usage 
Charts. See figure 12—1 for atypical Harness Usage 
Chart. 


12-9. MOLDED HARD HARNESS ASSEMBLIES. Each 
assembly consists of one or more rigid molded sec- 
tions, combined with flexible sections. (See figure 
12-2). The harness assembly configuration is deter- 
mined by the design for a given aircraft and the routing 
prescribed to interconnect the applicable equipment 
areas within that airframe. Hard harness assemblies 
are semi-permanently coupled by taper pin block cone 
nectors, and conventional connectors are used at area 
breakouts and terminations. Connection to the indivi- 
dual area equipments is made direct from these con- 
ventional terminations (and breakout connectors), by 
means of conventional harness. 


Note 


Taper pin installation is described in section 
Vl. Connection of wires to Standard MS con- 
nectors is described in section III, and to 
solderless terminal lugs in section V. 


The harness wiring system is broken up into separate 
assemblies for the following reasons: 


a. To facilitate molding. 
b. To eliminate unwieldy lengths at installations. 


c. To provide for inclusion of sealed connections 
at pressurized bulkheads. 


d. Toafforda conditional electrical isolation of as- 
semblies for fault tests. 


e. To facilitate repairs by replacement witha spare 
assembly. 
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HARNESS ASSEMBLY NO. | 


TERMINATION 
WIRE NO. J101 J102 
1-1-22 A A 


1-2-22 B B 
1-3-—22 Cc de 


P103 USAGE 


- NOSE GEAR STEERING 
- SPARE (ENDS TIED BACK) 
A COCKPIT HEATING ELEMENT 


ASSEMBLY NO. 1 


RIGID SECTION 


Ny 


BREAKOUT 
CONNECTOR 





Figure 12—1. Example of Harness Usage Chart 


Note 12-11. FLEXIBLE SECTIONS. Flexible sections are 


Because taper pin block connectors of hard 
harness assemblies are used to couple as- 
semblies as installed into the air frame, they 
frequently occur in relatively inaccessible 
locations. These connectors are not normally 
meant to be used as test points. They should 
be unmated only for replacement of harness 
assembly. Use of these connectors to loca- 
lize electrical faults should be resorted to 
only when there is no other alternative. 


12-10. RIGID SECTIONS. The rigid, molded sections 
consist of a prefabricated embedment of specified wires 
and cables in a reinforced plastic encasement. (See 
figure 12-3). These are produced under pressure in 
special molds. (See figure 12—4.) Potting compound 
is used locally where the encased wires emerge from 
a molded section. The finished product is light in 
weight, compact and opaque. Within the aircraft, the 
hard harness assemblies are installed by means of 
clamps around the rigid sections. These fix the as- 
sembly to the structure as required by the structural 
drawings. 
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used at terminations, breakouts, or bezween the rigid 
sections of an assembly. They consist of an uncased 
length of continuous wires (all coded) and are protected 
by zipper tubing. Flexible sections are used for the 
following reasons: 


a. To allow inscallation of an assembly where dif- 
ficult fits are involved. 


b. To make up mating tolerance. 
c. To allow for flexing of the airframe. 


12-12. SPARE WIRES IN HARD HARNESS. At least 
10 per cent spare wires are included in each harness. 
In the through wires between harness coupling or taper 
pin block connectors the spares are cut and tied back, 
(no dead end protection). (See figure 12—1.)Spare block 
pins are provided to utilize spares as needed. At area 
breakouts or terminations, the spares are attached to 
the connector contacts inthe same way as active wires 
me attached, They ere then ready for instant use when 
the dead ends are activated at coupling connections. 
Spares are tobe used for future aircraft service changes 
only and not for repair. 
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ASSEMBLY CONNECTORS 


= 


FLEXIBLE SECTION fe. 
ao Va 


FLEXIBLE SECTIONS 


ASSEMBLY 


CONNECTOR SJ) 


RIGID MOLDED 
SECTIONS 


TYPICAL 
BREAKOUTS 


PRIOR TO APPLICATION (WITH ZIPPER 


FLEXIBLE SECTION MOLDED RIGID SECTION RUN FLEXIBLE SECTION 
OF ZIPPER TUBING TUBING IN PLACE) 


WIRE CODE VISIBLE LOCAL AREA TO WHICH POTTING 
COMPOUND IS APPLIED 





Figure 12-3. Typical Rigid Section 
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IMPREGNATED 
FIBERGLASS 


Figure 12-4. Typical Cross Section 
Note 


Each exposed end of a spare wire is identi- 
fied at the harness assembly connection by 
the applicable Harness Usage Chart wire code 
identification number, 


12-13. IDENTIFICATION OF HARD HARNESS WIRES 
AND CONNECTIONS. Each individual wire in a hard 
harness assembly is identified at the terminations only 
by means of a sleeve marked with the wire code; this 
consists of a harness code number, the individual wire 
number and the gage size of the individual wire, as 
shown in figure 12-5. The Hard Harness Usage Chart 
codes all electrical detailsofaharness assembly under 
the three headings of wire number, termination and 
usage. See figure 12-1. The first group, that of the 


SLEEVE 


eas Or es eee, 
L wire GAGE NUMBER 


WIRE NUMBER 





HARNESS CODE NUMBER 


Figure 12-5. Typical Wire Identification Number 


wire number, is as marked on the individual wires. 
The first entry indicates that in Harness Assembly, #1, 
wire #1 is 22 gage; that its terminations are at pin A 
of receptacle J101 and pin A of receptacle J102; and 
that it serves the nose steering gear area. The second 
entry is similar tothe first except for its being a spare. 
In the third entry a breakout is indicated. 
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Note 


The wire number code identification 1l-2-22 is 
marked on the exposed, tied back end ar J 101 
and at the connection to pin ‘‘B’’ of P102. 
This wire can be selected and activated by 
using the appropriate contact of mating plugs, 
pins B of plugs P101 and P 102. 


12-14. INSTALLATION OF MOLDED HARD HARNESS 
ASSEMBLY. Molded hard harness assemblies are in- 
stalled according tothe applicable structural diagrams, 
both for location and method of attachment to structure. 


CAUTION 


During installation care must be taken to pre- 
vent drilling into or damaging any part of a 
hard harness assembly. 


12—15. EMERGENCY REPAIRS, Inthe event of shorts, 
opens, burnouts, etc. of a hard harness wire, the mat- 
ing wire in the conventional area harness is cut be- 
hind the connector. It is then spliced to a length of 
wire whichis run next to the hard harness (outside the 
harness) and through the hard harness clamp. At the 
opposite end the first step is repeated with the other 
conventional harness. If the wire must go through a 
solid bulkhead, approval must be obtained to drill the 
bulkhead, and install a grommet. 


CAUTION 


This method is for emergency use only. The 
complete harness assembly must be replaced 
as soon as possible. 


12-16. PERMANENT REPAIRS, Replacement _har- 
nesses are supplied without terminations, to avoid 
damage to terminations during shipment and handling. 
Appropriate terminations, as specified on applicable 
drawings, are attached during installation. 


12-17. COMPACT WIRE BUNDLES. 


12—18 GENERAL. Compact wire bundles are those 
wire bundles which are fabricated from hook-up wire 
and therefore require a braided outer jacket for abrasion 
protection. Compact wire bundles are confined to elec- 
trically protected wiring only. Thermocouple wires and 
coaxial cables may be included when both ends of the 
wires or cables terminate in multi-pin connectors. 
Spare wires are not enclosed under the main bundle 
braided jacket. 


12-19. REFERENCE DOCUMENT. 

NAVWEPS 01-245FDB-2-10.2. Maintenance Instruc- 
tions Manual — Navy Model F-4B (F4H-1) Aircraft - 
Wiring Repair Data. . 


12—20. DESCRIPTION. The wire bundle is prefabri- 
cated (without terminations) of wires twisted together 
in one or more lays, each lay twisted in the opposite 
directiontothe preceding lay. The wire bundle is com- 
pletely covered with a braided dacron protective jacket 
which ends approximately three inches from the termin- 
ation points. When the wire bundle is installed, and the 
terminations attached, the exposed area between the end 
of the braided jacket and a connector is covered with 
a protective boot. (See figure 12-6.) When splice ter- 
minations are usedthe splice area is protected by heat- 
shrinkable silicone sleeving. (See figure 12-7.) 


BOOT COVERS POTTING BUT 
DOES NOT RESTRICT COUPLING 


HEAT SHRINKABLE 
PROTECTIVE BOOT 


BUNDLE BRAID 


CONNECTOR 


BOOT TUCKED INSIDE ITSELF TO 
BUILD UP BUNDLE IF NECESSARY 


Figure 12-6. Protective Boot on Compact 
Wire Bundle 


SILICONE THERMO- 
FIT SLEEVING 


0.5°° MIN. 


BUNDLE 
BRAID 
SPOT TIE 


STAGGER 
SPLICES 


STAGGER SHIELDED 
WIRE FERRULES 


Figure 12-7. Heat-Shrinkable Sleeving 
Over Splice Area 
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12-21. IDENTIFICATION. Each compact wire bundle 
is marked with the bundle number. Each wire in che 
bundle is identified at its termination points by means 
of a sleeve marked with the wire identification code 
(refer to section II), Individual wires in the bundle are 
not identified under the jacket braid. The manual re- 
ferenced in 12—19 includes complete information (wire 
bundle data) on each compact wire bundle installed in 
F4H-I aircraft. The wire bundle data consists of the 
following: 


a. A dimensional layout. (See figures 12—8 and 
12-9). The drawing title of each layout indicates the 
airplane area in whichthe wire bundle is installed, the 
individual airplane code number, and the bundle num- 
ber within the area. 


b. A parts list. This lists the quantity, name and 
part number of each component in a specific wire bun- 
dle, with the exception of the braided outer jacket. 


c. Awire tabie. This lists the wire number, the 
Military Specification number for the wire, its length 
(in inches) and its terminations. 


12-22. TYPES OF REWORK. The following types of 
rework and repair peculiar to compact wire bundles are 
fully described and illustrated in the Maintenance In- 
structions Manual referenced in 12-9: 


a. Removal and installation of protective boots. 
These boots are used on the exposed wire access area 
between the rear of a potted connector and the end of 
the braided bundle jacket. (See figure 12—10). 


b. Removal and repair of bundle braid. This proce- 
dure is required to make wire modifications and for the 
inspection of wire damage under the braid. 


c. Heat shrinking process for thermofit sleeving. 
Heat-shrinkable sleeving is used to replace protective 
boots, at splice areas (see figure 12-7), and for insu 
lating end caps. Refer to Section XI, paragraph 11—22 
for selecting and installing heat-shrinkable tubing. 


d. Assembly of stub splices and covering stub splice 
areas, Stub splices are defined as those splices that 
enter the wire connector from the same end. (Refer to 
figure 12—7). 


e. Assembly of parallel butt splices. Butt splices 
enter the wire connector from both ends. 


f. Shield termination. Includes both grounded and 
ungrounded shield terminations. Refer to Section II, 
paragraphs 2-56 through 2—68 for shield terminations. 


g- Wire re-identification. This procedure covers 
changing or replacing identification sleeves when the 
wire need not be severed. Refer to Section II, para- 
graphs 2—21, 2—26and 2—32 through 2—35 for wire iden- 
tification sleeves. 

h. Adding wires to compact wire bundles. 


i. Replacing wires in compact wire bundles. 
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CF-3 


Figure 12~8. Typical Dimensional Layout 
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ES | 


ARROWHEADS INDICATE BUNDLE BREAK (BUNDLE LONGER 

TERMINATION OR BREAKOUT THAN SHOWN ON DRAWING) BUSHING 
NUMBERS INDICATE SEGMENT 

LENGTH IN INCHES 





D= Dy VEL 


STRAIGHT RIGHT ANGLE 45° ANGLE CLOCKING OF POTTED ANGLE 
CONNECTOR POTTING POTTING CONNECTORS (VIEW FACING 
CONNECTOR) 


TERMINAL BOARD, SWITCH & SPLICE AREA GROUND TERMINATION 
MISCELL ANEOUS COMPONENTS (TO SYSTEM GROUND) 


Figure 12-9. Dimensional Layout Symbols 


APPROX. 3 INCHES 


POTTING - ACCESS AREA SPOT TIE 


je Removing wires from compact wire bundles, 


k. Treating TFE insulated wire to obtain a bondable 
surface. Refer to Section X, paragraph 10—20 for TFE 





treating. 
1. Repair of wire damaged under bundle braid. 
STAGGER 
SPLICES FERRULES 0.5" MIN, m. Removal and installation of high temperature 
potting at rear of connection. Refer to Section XIX for 
Figure 12-10. Protective Boot and Boot Area potting repairs, 
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SECTION XIII 


INSTALLATION OF BUSBARS, CONDUIT 
JUNCTION BOXES, PROTECTIVE DEVICES 
AND TERMINAL BOARDS 


13-1.” INTRODUCTION. 


13-2, PURPOSE. Procedures for installing equipment 
in aircraft are recommended in order to make installa- 
tion easier, to standardize the methods used, and to 
provide the best possible protection for personne! and 
equipment. 


13-3. SCOPE. This sectiondescribes the recommend- 
ed procedures for installing busbars (including prepara- 
tion), conduit, junction boxes, protective devices and 
terminal boards in aircraft. It also describes methods of 
identification and protection and the correct use of 
hardware, 


13-4. REFERENCE SPECIFICATIONS AND DRAV- 
INGS. 


MIL-1-631 Insulation, Electrical, Synthtic Resin 


MIL-W-5088 Wiring, Aircrafe, Inscallation of 

MIL-C-6136 Conduit, Flexible, Shielded Aluminum 
Alloy 

MIL-E-7080 ~=Electrical Equipment; Installation of, 


Aircraft, General Specification 


MIL-1-7444 Insulation Sleeving, Electrical, Flexible 


MIL-C-7931 Conduit, Electrical, Flexible, Radio 
Frequency Shiclding 

MS25 123 Terminal Board, Electrical, Assembly of 

MS27212 Terminal Board Assembly, Molded-In 
Stud, Electrical 

AND 10380 Fitting Installations, Standard AN Con- 
duit 

AND 10449 ~— Circuit Breaker Installation 


13-5. PREPARATION AND INSTALLATION OF 
BUSBARS. 


13-6. GENERAL. Busbars are used in aircraft for 
power distribution. The most commonly used materials 
for busbars are bare aluminum, plated aluminum or plated 
copper. Aluminum used for busbars is EC (electrical) 
grade. 


13—7. PREPARATION OF BUSBARS. Busbars for an 
aircraft electrical system must be clean and free from 
grease, dirt and oxide. Any of these at the electrical 
junction will cause the connection to heat up and fail. 
Busbars are cleaned prior to installationin the aircraft, 
and are also treated to prevent or minimize oxidation 
after installation. 
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13-8. PREPARATION OF UNPLATED ALUMINUM 
ALLOY BUSBARS. Clean unplated aluminum busbars 
by immersing in Stoddard’s solvent, or by wiping with 
a clean, soft cloth saturated with the solvent. Wipe 
dry with a clean, soft cloth. 


13-9, After cleaning, treat all electrical contact sure 
faces as follows: 


a. Cover contact surfaces completely with an even 
coating of petrolatum-zinc dust compound (50% petro- 
latcum, 50% fine zinc dust, by weight.) 


b. Scrtach brush the coated areas, using a rotary 
steel wire brush with a pilot as shownin figure 13-1. 
Brush through the compound. 


STEEL SCRATCH 
BRUSH WITH PILOT 


ZINC DUST/ 
PETROLATUM 
COMPOUND 


CLEANED 
SURFACE 


ZINC DUST/ 
PETROLATUM 
COMPOUND 





Figure 13~—]. Scratch Brushing Unploted 
Aluminum Alloy Busbars 


c. Remove most of the compound from busbar by 
wiping lightly witch a clean soft cloth. 


d. Examine busbar to make sure that there are no 
steel brush bristles lodged in the aluminum. 


e. Apply a chin coating of clean petrolatum-zinc 
compound to contact surfaces. This compound is the 
same as that supplied in MS aluminum terminal lugs. 


Note 


Allow final coat of compound to remain on 
busbar when installed. Excess will be 
squeezed out of connections and removed 
later. 


13-10. PREPARATION OF PLATED ALUMINUM AND 
COPPER BUSBARS. Clean plated aluminum and cop- 
per busbars thoroughly by immersing in Stoddard’s 
solvent, or by wiping with a clean, soft cloth saturated 
with the solvent. Wipe dry with a clean soft cloth. 


13-11. REPAIRING DAMAGED PLATING. Examine 
contact surfaces of plated aluminum or copper busbars 
for damage to plating. Reject damaged aluminum bus- 
bars and return for rework. Repair slight damage to 
plated copper busbars by tinning with a soldering 
iron, or by brush plating. Thoroughly wash and dry 
brush plated areas. 


CAUTION 


Do not attempt to repair plating on aluminum. 


13—12, MOUNTING HARDWARE. See figure 13-2. 
When installing a copper busbar, always place a cad- 
mium plated steel plain washer between the busbar and 
the lockwasher or self-locking nut. When installing an 
aluminum alloy busbar, place an aluminum alloy plain 
washer between the busbar and the lockwasher or self- 
locking nut. 
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13—13. INSULATION, Insulate the busbar from struc- 
ture, junction box, or support with a fiberglass, phe- 
nolic or other rigid insulating stand-off as shown in 
figure 13—2, Do not use any moisture-absorbing ma- 
terial, 


13-14. PROTECTION. Install busbars inside panels, 
junction boxes or in protected areas when possible. If 
this cannot be done, protect the busbar with vinyl tub- 
ing tied in place after connections have been made. 
See section XIV, paragraph 14—51, for details. 


13-15. INSTALLATION OF CONDUIT. 


13-16. GENERAL. Metallic conduit, both rigid and 
flexible, used in aircraft to procect electrical wires and 
cables, is installed before the wiring is routed through 
it. Non-mecallic conduit is installed at the same time 
the wiring is routed, and the procedure is described in 
section XIV. For the preparation of conduit prior to in- 
stallation see section XI. 


13-17. SUPPORTING HARDWARE. Attach conduit to 
aircraft structure with clamps. For rigid or flexible 
bare metallic conduit, select a plain aluminum clamp 
(AN742) of the proper size from table 13—1. For rubber 
covered flexible metallic conduit, selecte a cushion- 
ed clamp (MS21919) of the proper size fromtable 13~—2. 
Measure the OD of conduit to determine selection of 
size from table 13-2. 


13-18. INSTALLATION OF SUPPORTING HARD- 
WARE. Attach clamps to a rigid surface of structure, 
so that there will be no relative motion between con- 
duit and aircraft structure. Install clamps so that the 
mounting screw is above the conduit as shown in fig- 
ure 13-3. Install clamps so that conduit slants down- 


AN365 SELF LOCKING NUT ALL METAL 


OVERSIZE FLAT 


WASHERS Sg 


AN340 


LILLIA“ 


STRUCTURE 


AN9I60 PLAIN 
WASHER 





SPECIAL INSULATING BUSHINGS 


BUSBAR 


AN935 SPLIT LOCK 
WASHER STEEL 
CADMIUM PLATED 


OR AN936B WASHER 
EXTERNAL TOOTH 
STEEL CADMIUM 
PLATED 


AN BOLT OR SCREW 
STEEL CADMIUM PLATED 


Figure 13—2. Mounting Busbors to Structure 
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ward toward one end, when the aircraft is on the ground, 
If one end is attached to equipment, slant conduit to- 
ward the open end away drom the equipment. 


CAUTION 


Do not tighten clamps on conduit so that they 
damage or collapse the conduit. Reject and 
replace conduit that has been collapsed. 


TABLE 13-1 


Support Clamps for Rigid or Flexible Bare 
Aluminum Conduit 


Nominal OD AN Clamp 
of Conduit 

3/16 AN742D3 

1/4 AN742D4 

3/8 AN742D6 

1/2 AN742D8 
5/8 AN742D10 
3/4 AN742D12 
1 AN742D16 
1-1/4 AN742D20 
1-1/2 AN742D24 
1-3/4 AN742D28 
2 AN742D32 
2-1/2 AN742D40 


INCORRECT POSITION 
OF MOUNTING TAB 


CORRECT POSITION 
OF MOUNTING TAB 


Figure 13-3. Installation of Supporting 
Clamps for Conduit 


13-9. SPACING OF SUPPORTS. See figure 13-4. 
Support rigid metallic conduit with a clamp close to 
each end, and at maximum spacing of 3 feet along en- 
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tire conduit run. Support flexible metallic conduit with 
clamps close to each end, and spaced 6’’ minimum to 
24’? maximum apart. Spacing of support clamps within 
the limits given is determined by conditions of structure. 


13~20. BENDING LIMITATIONS. Rigid metallic cone 
duit is bent as required before installation. See sec- 
tion XI, paragraph 11—9,, step be for procedure. Form 
bends in flexible metallic conduit to radii given in 
table 13—3. Where nonemilitary specification conduit 
has been used inthe aircraft, replace with conduit of 
same type, and bend as in the original installation. 


CAUTION 


Make sure that conduit is not overstressed in 
installation, and that there is no strain on 
ferrules. Install conduit so that there will be 
no vibration flexing of the conduit at ferrules. 


13—21. DRAINAGE. Do not drill drainage holes in 
metallic conduit. Drainage is provided for as described 
in 13—18.° Procedure for making drainage holes in non- 
metallic conduit is described in section XIV, paragraph 
14-25. 


TABLE 13-2 


Support Clamps for Rubber Covered Flexible 


Aluminum or Brass Conduit 


MS Clamp Nominal ID 
Number of Clamp 
(inches) 
MS 21919D5 313 
MS 21919D6 375 
MS 21919D7 -438 
MS 21919D8 500 
MS 21919D9 563 
MS 21919D10 625 
MS 21919D11 .688 
MS 21919D12 ~750 
MS 21919D13 813 
MS 21919D14 .875 
MS 21919D15 938 
MS 21919D16 1.000 
MS 21919D19 1.888 
MS 21919D21 1.313 
MS 21919D23 1.438 
MS 21919D25 1.563 
MS 21919D27 1.688 
MS 21919D29 1.812 
MS 21919D31 1.938 
MS 21919D33 2.062 
MS 21919D35 2.188 
MS 21919D37 2.312 
MS 21919D43 2.688 
MS 21919D45 2.812 





MOUNTING TAB 
AL WAYS UP 





Figure 13-4. Spacing Clamps for Rigid 
Metallic Conduit 


TABLE 13-3 


Minimum Bending Radii for Flexible Aluminum 
or Brass Conduit 
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13—23. INSTALLATION OF JUNCTION BOXES. 


13-24. GENERAL. Junction boxes are containers, 
with hinged or removable covers, used in aircraft to 
provide aprotected area for electrical power distribution 
equipment such as busbars and terminal boards. The 
material of junction boxes is either metal or hard fiber- 
glass. 


13—25. MOUNTING HARDWARE. See figure 13—5. Use 
standard AN bolts or screws of the appropriate size to 
attach junction boxes to aircraft structure. Insert 
screws or bolts so that the headof the screw or bole is 
inside the junction box, 


JUNCTION BOX 
AN BOLT 


AN935 SPLIT 
LOCK WASHER 


NM AY 
LY 


AN HEX NUT 


AN365 SELF 


STRUCTURE LOCKING NUT 


EITHER METHOD IS ACCEPTABLE 


ACCEPTABLE 
HEAD OF BOLT 
OR SCREW IN- 
SIDE JUNCTION 
BOX 


a 


’ 
a“ 


Nominal ID Minimum Bending 
of Conduit Radius Inside 
(inches) (inches) 
3/16 2-1/4 
1/4 2—3/4 
3/8 3-3/4 
1/2 3-3/4 
5/8 3-3/4 
3/4 4—1/4 
1 5~—3/4 
1-1/4 8 
1-1/2 8-1/4 
1-3/4 9 
2 9-3/4 
2-1/2 10 


13-22. BONDING OR GROUNDING CONDUIT. Bond 
or ground metallic conduit to structure at each termina- 
ting or breaking point, by means of a plain metal clamp, 
or clamp and jumper. Test bond or ground as described 
in section VIII, paragraph 8—28, 


Y 
os 
DO NOT PUT Se 


THREADED END 
OF BOLT OR 
SCREW INSIDE 
BOX 





Figure 13-5. Attaching Junction Box to Structure 
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CAUTION 


Do not install attaching hardware so that 
threaded part of the screw or bolt protrudes 
inside the junction box, as the sharp thread 
edges will damage wire insulation. 


13-26. INSULATION. The inside of metallic junction 
boxes is coated with white glypral or similar material 
to insulate wiring from the metal, to improve visibility 
and to make inspection easier. Non-metallic junction 
boxes need not be so insulated. If this coating is dam- 
aged during the installation procedure, repair the dam- 
aged parts with the same material as used in the origi- 
nal installation. When a new metallic box is installed, 
make sure the insulating coating is present and undam- 
aged, 


13-27. JUNCTION BOX COVERS. Junction box covers 
may be hinged, or attached by means of screws. Screw 
threads must not extend into the box. The sharp threads 
may cut wire insulation. If covers are not hinged, se- 
cure the cover to the box with an insulated bead chain, 
or No. 14 wire, as shown in figure 13-6. Make this 
attachment outside the box so that when the box is 
closed the chain or wire will not interfere with the 
Wiring. 


INSULATED WIRE WITH 
SOLDERLESS TERMINAL 
LUGS OR BEADED CHAIN 
INSIDE VINYL TUBING 





Figure 13-6. Attaching Cover to Junction Box 
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Note 


If covers are bent during installation or re- 
pair, straighten them before final attachment. 


13-28. PREPARATION OF WIRE ENTRY HOLES. 
Determine the outside diameter of the wire, or wire 
bundle, and make sure that the opening is at least 1/8 
inch larger in diameter to allow for later enlargement 
of the bundle. Use a box connector and cable clamp 
to protect wiring if this is indicated onthe engineering 
drawing. When a box connector is not used, protect the 
edges of the entry hole with plastic or fiber grommets. 
See figure 13-7. 


13—29. DRAINAGE OF JUNCTION BOXES. Provide 
one or more drainage holes 3/16’’ diameter minimum, 
at the lowest point of the junction box when the aircraft 
is on the ground, After drilling drainage holes in metal 
junction boxes, deburr the edges of the hole with a de- 
burring tool or a file. 


GROMMET, FIBER 
OR PLASTIC 


AN3066 LOCKNUT 
AND AN3064 BOX 
CONNECTOR 


AN3066 LOCKNUT 
AND AN3061 OR 
AN3063 RIGHT 
ANGLE BOX 
CONNECTOR 


CABLE CLAMP 
MS 3057 





Figure 13-7. Wire Entry Holes in Junction Box 


CAUTION 


Do not drill holes in vapor-tight junction boxes. 


13-30. VAPOR TIGHT BOXES. Vapor-tight junction 
boxes in aircraft are identified as such on the covers. 
When doing work of any kind on vapor-tight boxes care- 
fully follow the instructions given in the aircraft manu- 
facturers handbook of maintenance instructions for the 
specific airplane model, 


13-31. IDENTIFICATION. If junction boxes as origi- 
nally installed are not identified, it is not necessary 
to do so. If the junction box does have identification 
marking, make sure marking is replaced as in original. 


13-32. BONDING OR GROUNDING J UNCTION BOXES. 
Bond of ground junction boxes to structure by direct 
metal-to-metal contact or by means of a bonding jump- 
er. Test bond or ground as described in séction VIII, 
paragraph 8-28. 


13-33. INSTALLATION OF PROTECTIVE DEVICES. 


13-34. GENERAL. Protective devices are items of 
electrical equipment such as circuit breakers, fuses, 
etc., installed in aircraft to protect the electrical sys- 
tem against overloads caused by short circuits or other 
faults. See Section XVIII for description of fuses and 
current limiters used in aircraft electrical systems. 


13-35. MOUNTING HARDWARE. If attaching hardware 
is furnished with the protective device, use it. If no 
attaching hardware is furnished. mount the protective 
device with standard AN cadmium plated steel screws 
or bolts, of the appropriate size. When replacing a pro- 
tective device, use hardware exactly the same as in 
the original inscallation except that alonger screw may 
be used if necessary, 


CAUTION 


Do not use self-tapping screws to mount pro- 
tective devices, 


13-36. MOUNTING WITH THROUGH BOLTS OR 
SCREWS. When possible attach protective devices to 
aircraft structure or other support with through bolts or 
screws. Install a plain washer under the head of the 
bole or screw, and a plain washer and a split lock-wash- 
er under the nut. See figure 13-8. 


13—37. MOUNTING INTO TAPPED HOLE OR NUT 
PLATE. When it is necessary to install a protective 
device with a screw into a tapped hole or a nut plate, 
install a plain washer anda split lock-washer under the 
screw or bolt head. See figure 13-9. 


13~—38. MOUNTING INTO BLIND HOLE. When a pro- 
tective device must be attached with a screw into a 
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blind tapped hole, make sure that the screw will give 
maximum thread engagement without boccoming in the 
hole. The length is determined as follows: See fig- 
ure 13-10. 


ANS15 SCREW 


AN960 PLAIN 
WASHER 


AN935 SPLIT 


LOCK WASHER AN HEX NUT 


Figure 13-8. Mounting Protective Devices 


REVERSE CUR- 
RENT RELAY 
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AN935 SPLIT 
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AN960 PLAIN WASHER 
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TO SECURE 
PLATE NUT 


1 ‘ 
é 
tg 


PLATE NUT AN366 


Figure 13-9. Typical Mounting Hardware 
for Protective Devices 


229 


Section XIII 
Paragraphs 13-39 to 13-48 


ANS15 SCREW 


AN935 SPLIT 
LOCK WASHER 


AN9I60 


= ——-— PLAIN WASHER 


o 


‘in’ 


CLEARANCE 


Figure 13-10. Determining Screw Length for 
Mounting into Blind Holes 


a. Select ascrew of approximately the correct length 
and install a plain washer and lock washer on it. 


Note 


Do not mount the protective device when de- 
termining screw length. 


b. Insert the screw into the blind tapped hole, and 
thread it in until ic bottoms in the hole. Plain and lock in 
washers should remain free. 


c. Back out the screw two turns, and measure the 
length of screw between the under surface of the head 
and the top washer. 


d. Measure the thickness of the mounting part of 
the protective device, and subtract it from the meas- 
urement obtained in step c. If the device to be mounted 
is thicker chan the dimension obtained in step c, repeat 
steps a, b, and c, using a longer screw. 


e. Subtract dimension obtained in step d, from the 
overall length of the screw; this will give the maximum 
length which canbe used without bottoming in the tap- 
ped hole. If the final léngth is not a standard length, 
use the next shorter standard screw. 


13-39. MOUNTING CIRCUIT BREAKERS. Mount 
switch circuit breakers so that when the switch breaker 
is in the off, or open position, the handle will be down 
or to the rear. 


13—40. MOUNTING RELAYS. Mount relays so that 
foreign particles cannot fall between the terminals, 
and so that liquid cannot accumulate inside the cover. 


13-41. SPECIAL PRECAUTIONS FOR BONDING OR 
GROUNDING CONNECTIONS. When a bond or ground 
connection is made through the mating surfaces of 
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structure and mounting pad, prepare the contacting sur- 
faces as described in section VIII, paragraph 8—13, be- 
fore attaching the device to structure. 


13—42. PROTECTION. If possible mount protective 
devices in junction boxes or protected areas. If this 
is not possible, and the devices are to be installed in 
locations where they may be subject to damage or where 
the terminals may be dangerous to personnel, provide 
a cover to go over the protective device. 


13~43. PROTECTIVE COATING FOR ELECTRICAL 
CONNECTIONS. Electrical connections to protective 
devices may be protected against moisture, corrosion 
and damage from metal particles by the application of 
a strippable polyurethane coating. A typical commer- 
cial compound of this type is PR 1532, made by the 
Products Research Corporation. The procedure for ap- 
plication is as follows: 


a. Clean surfaces to be coated with a clean soft 
bristle brush. 


b. Thoroughly mix the two parts of the compound 
together, in the proportions recommended by the manu- 
facturer. 


c. USing the injection nozzle of a pressure gun, 
apply a 1/16 inch minimum thick coating over the con- 
nection, and extending 1/8 inch beyond the connection 
all around, 


d. Cure as recommended by the manufacturer. Pro- 
tect the coated parts during the cure by covering with 
polyethylene sheeting. 


13-44. IDENTIFICATION. Make sure that each pro- 
tective device is identified by a plate or decal, perma- 
nently attached to adjacent aircraft structure. If the 
location of a‘protective device is changed make sure 
that the identification marking is also relocated, and 
completely visible. Make sure the new identification 
marking is exactly the same as the original. 


13-45. INSTALLATION OF TERMINAL BOARDS. 


13-46. GENERAL. Terminal boards are used in air- 
craft to provide junction points of good electrical con- 
ductivity for circuits which are not frequently discon- 
nected. 


13-47. MOUNTING HARDWARE. Use standard AN 
cadmium plated steel hardware of the appropriate size. 


13-48. METHODOF ATTACHMENT. Install mounting 
screws to that the screw protrudes through the bottom 
of the terminal board, as shown in figure 13-11. The 
length of the screw should allow for some protrusion 
beyond the nut. Pass a steel scale or other flat piece 
of metal over the topofthe nut. If it passes over freely, 
the screw is too short, and is to be replaced with the 
next longer length. Protrusion of screw should not ex- 
ceed two threads. 


SCREW HEAD MUST NOT 
EXTEND ABOVE PLASTIC 


AN9I35 LOCK WASHER 


AN345 NUT 


ANS15 SCREW 


AN9I60 WASHER 





Figure 13-1]. Mounting of Terminal Boord 


13—49. ALTERNATE METHOD OF ATTACHMENT. 
If ic is not possible to install the mounting screw from 
the top of the terminal board, install it from the back 
as shown in figure 13—12. In this case, the end of the 
screw should project just beyond the top of the nut, 
bute do not use a screw that will extend beyond the 
level of the terminal board mounting surface. 


SCREW MUST NOT EXTEND 
ABOVE PLASTIC 


LOCK WASHER 


MS25 123 
TERMINAL BOARD 


ANS15 SCREW 


INSULATION STRIP 





Figure 13-12. Alternate Mounting of Terminal Board 
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13-50. INSULATION. See figure 13—13. Place an in- 
sulating strip over each mounting screw, long enough 
so it will go over the two adjacent terminal studs un- 
der the washers and nut which secure each stud. 


MS25082 NUT AN960 WASHER 
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MS$25227 INSULATING STRIP 


Figure 13-13. Insulation of Terminal Board 


13-51. ATTACHING BUSBAR TO TERMINAL BOARD. 
When a busbar is to be attached to a_ terminal board 
mount the busbar directly on top of the nut which holds 
the terminal stud in place. Terminal lugs are then in- 
stalled on top of the busbar as described in Section 
XIV, paragraphs 14-43 through 14—49, 


Note 


If aluminum busbars are removed, and are to 
be replaced, examine the busbar for deforma- 
tion before replacing it. If there is any defor- 
mation, discard it, and install a new busbar. 


13-52, PROTECTION OF TERMINAL BOARDS. Where 
possible, mount terminal boards inside junction boxes 
or other enclosures. If this is not possible, and the 
terminal board is located where it may be damaged, or 
may be dangerous to personnel, provide a cover. Use 
terminal board cover MS17777 on the MS25123 terminal 
board. Use terminal board cover MS18029 on the 
MS27212 terminal board. Attach no more than two ter- 
minal lugs on the stud whichis to be used for mounting 
the cover to the terminal board. If no cover is avail- 
able, the terminal board may be protected by a wrapping 
of vinyl sheeting. Use a piece of vinyl sheet large 
enough to make a generous lap over the studs. Punch 

holes in the vinyl sheet, install it over grounded studs, 
and fasten with nuts and washers. 
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13-53. IDENTIFICATION. Eachterminal board in the 
aircraft electrical system is identified by the letters 
TB followed by a number which is the number of the 
individual board. Each stud on the terminal board is 
identified by a number adjacent to it, with the lowest 
number in the series at the end nearest the terminal 
board identification number. (See figure 13-14). The 
identification may be marked on the aircraft structure 
to which the terminal board is attached, or may be on 
an identification strip cemented to the structure, under 
the terminal board. When a terminal board is replaced, 
do not remove the identification marking unless it has 
been damaged. In that case, replace the identification 
marking exactly as in the original, in accordance with 
the applicable wiring diagram. 
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Figure 13-14. Identification of Terminal Board 
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SECTION XIV 
ELECTRICAL WIRING INSTALLATION 


14-1. INTRODUCTION. 


14-2. SCOPE. This section describes recommended 
procedures for installing electrical wiring and related 
accessories in military aircraft. 


14-3. REFERENCE SPECIFICATIONS AND DRAW- 
INGS. 


MIL-W-5088 
MIL-S-85 16 


Wiring Aircraft, Installation of 

Sealing Compound, Synthetic Rubber 
Electric Connectors and Electric Sys- 
tems, Accelerator Required 


MIL-C-21565 Clamp, Loop, Plastic, Wire Support 


MS2 1265 Grommet, Plastic, Split 

MS21919 Clamp, Cushioned, Support, Loop Type, 
Aircraft 

MS25 28] Clamp, Loop, Plastic, Wire Support 

MS35489 Grommet, Rubber, Hot Oil and Coolant 
Resisting 

MS35490 Grommet, Rubber, Split, General Purpose 

AN735 Clamp, Loop Type, Bonding 


14-4, DEFINITIONS. 


a. Open Wiring. Any wire, wire group or wire bundle 
not enclosed in conduit. 


b. Wire Group. Two or more wires going to the same 
location, tied together to retain identity of the group. 


c. Wire Bundle. Two or more wire groups, tied togeth- 
er because they are going in the same direction at 
the point where the tie is located. 


d. Wire Harness. A wire group or bundle tied togeth- 
er aS a compact unit (open harness), or contained in 
an outer jacket (enclosed harness). Wire harnesses 
are usually pre-fabricated and installed into the air- 
craft as a single assembly. Two examples of enclosed 
wire harnesses as described in section XII, 


e. Electrically Protected Wiring. Those wires which 
include in the circuit protection against overloading 
such as fuses, circuit breakers or other limiting devices. 


f. Electrically Unprotected Wiring. Those wires 
(generally from generators to main bus distribution 
points) which do not have protection such as fuses, 
circuit breakers or other current limiting devices. 


14-5. WIRE TYPES. The wires most commonly used 
in aircraft electrical systems are in accordance with 
the specifications listed in table 14—1. See section II, 


table 2—1 for details of conductor, insulation, voltage 
and temperature. 


14-6. WIRE GROUPS AND BUNDLES. 


14-7. WIRE SEPARATION. Military Sepcification 
MIL-W-5088 restricts the grouping or bundling of certain 
wires such as electrically unprotected power wiring, 
and wiring to duplicate vital equipment. Do not add 
such wires to existing bundles unless specifically 
authorized. 


14-8. SIZE OF WIRE BUNDLE. Military specifica- 
tions generally limit the size ofa wire bundle to 75 
wires, or two inches diameter, whichever is smaller. 


14-9. IDENTITY OF GROUPS WITHIN BUNDLES, 
When several wires are grouped at junction boxes, ter- 
minal boards, panels, etc., retain the identity of the 
group within a bundle by spot ties, as shown in figure 
14-1. 


14—10. COMBING WIRES. Comb out all wires, except 
those listed in 14—11, so that wires will be parallel to 
each other in group or bundle. A useful tool for comb- 
ing out wires 1s shown in figure 14-2, Make this tool 
from a piece of 1/8 inch nylon or other smooth insula- 
ting material. Be sure all sharp edges ure rounded to 
protect wire insulation. 


14-11. TWISTING WIRES, When specified on appli- 
cable engineering, drawings, twist together the fol- 
lowing wires: 


a. Wiring in vicinity of magnetic compass or flux 
valve. 


b. Three-phase distribution wiring. 


c. Other wires (usually sensitive circuit avionic 
wiring) as specified on engineering drawings. 


Twist wires sotheylie snugly against each other, mak- 
ing approximately the number of twists given in table 
14—2, Check wire insulation for damage after twisting 
If insulation is torn or frayed, replace the wire 


14-12, SPLICED CONNECTION IN BUNDLES. Lo- 
cate spliced connections in wire groups or bundles so 
that they can be inspected. Stagger splices as shown 
in figure 14—3. so that the bundle does not become ex- 
cessively enlarged. Make sure that all non-insulated 
splices are covered by shrinkable tubing or by plastic 
sleeves securely tied at both ends. 
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TABLE 14-1 
Wire Types 
1. 600 Volts or Under 
General Purpose Aluminum High Temperature Fire Resistant 
MIL-W-5086 MIL-W-7072 MIL-W-7 139 MIL-W-25038 
Types I, I MIL-W-8777 
and III MIL-W- 18678, 
Type E 
*MIL-W-22759 
MIL-W-27300 


2. Over 600 Volts 


MIL-W-5086, Type IV 
MIL-W- 16878, Type EE 
*MIL-W-22759 


3. Cabled, Shielded and Jacketed 


MIL-C-5767 
MIL-C-7078 
MIL-C-27500 


*MIL-W-22759 covers wire rated at 600 volts-and 1000 volts. 


BUNDLE TIE GROUP TIE BUNDLE TIE 





Figure 14-1. Group and Bundle Ties 


14-13, SLACK. Do not install single wires or wire 
bundles with excessive slack. Slack between support 
points such as cable clamps should normally not ex- 
ceed 1/2 inch. (See figure 14—4). This is the maximum 
that it should be possible to deflect the wire with mo- 
derate hand force. This may be exceeded if the wire 
bundle is thin and the clamps are far apart but the slack 
must never be so great that the wire bundle can touch 
any surface against which it may abrade. Allow a suf- 
ficient amount of slack near each end for any or all of 
the following: 


a. To permit ease of maintenance. 
b. To allow replacement of terminals at least twice. 


c. Toprevent mechanical strain onthe wires, cables, 
junctions and supports. 


d. To permit free movement of shock-and-vibration 
mounted equipment. 





e. To permit shifting of equipment for purposes of 
maintenance, while installed in the aircraft, 


Figure 14—2, Comb for Straightening Wires 
in Bundles 
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TABLE 14-2 


Twists Per Foot 











Nire Size x22 #20 718 #16 #14 12 210 <8 #6 4 
2 Wires 10 10 9 8 7T=12 7 6-1/2 6 5 4 
3 Wires 10 10 8-1/2 7 6-1/2 6 -1/ 5 4 3 





Figure 14~3. Staggered Splices in Wire Bundle 





172 INCH MAXIMUM 
WITH MODERATE HAND PRESSURE 


Figure 14-4, Slack Between Supports 


14-14. BEND RADII Bend individual wires to a mini- 
mum radius of ten times the outside diameter of the 
Wire, except at terminal boards where the wire is suit 
ably supported at cach end of bend, a minimum radius 
of three times the outside diameter of the wire is ace 
ceptable. Bend wires in wire bundles to a minimum 
radius of ten times the outside diameter of the largest 
wire in the bundle. 


CAUTION 


Never bend coaxial cable to a smaller radius 
than six times the outside diameter. 


When it is not possible to hold the bending radius of 
single wires to the above limits, enclose wire in tight 
plastic tubing for at least two inches each side of the 
bend. 


14-15. ROUTING AND INSTALLATION. 


14-16. GENERAL INSTRUCTIONS, Install wiring so 
that icis mechanically and electrically sound, and neat 
in appearance. Wherever practicable, route wires and 
bundles parallel with, or at right angles to the stringers 
or ribs of the area involved, as shown in fipure 1-1-5. 





Note 


Route coaxtal cable as directly as possible. 
Avoid unnecessary bends in coaxial cable. 
Locate attachments at cach frame rib on runs 
along the length of the fuselage, or at each 
suffener on runs through the wings. 


14-17, GENERAL PRECAUTIONS, When installing 
electrical wiring in aircraft, observe the following pre- 
cautions: 

a. Do not permit wire or wire bundles to have mov- 
ing, frictional contact with any other object. 


b. Do not permit wire or wire bundles to contact 
sharp cdges of structure, holes, etc. (Refer to 14-20). 


c. Do not use any installing tools other than those 
specifically authorized. 

d. Do not damage threads of attaching hardware by 
overtightening or cross-threading. 


e. Donot subject wire bundles to sharp bends during 
installation. (Refer to 14-1-4). 


f. Do not allow dirt, chips, loose hardware, lacing 
tape scraps, etc. to accumulate in enclosures or wire 
bundles. 
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Paraqraphs 14~18 to 14-19 


INCORRECT: BUNDLE 
ANGLES ACROSS RIB 
STRUCTURE 





CORRECT: BUNDLE IS AT 
RIGHT ANGLES TO RIB 
STRUCTURE 





CORRECT: BUNDLE IS 
PARALLEL TO RIB 
STRUCTURE 


Figure 14-5. Routing Bundles 


g- Do not hang tools or personal belongings on wire 
bundles. 


h. Do not use installed wire bundles or equipment 
as footrests, steps, or handholds. 


i. Do not compensate for wires that are too long by 
folding wire back on itself and hiding such folds with- 
in bundles. 


je Do not twist or pull wire bundles during assem- 
bly or installation so pins are pulled from connectors, 
or connectors or wires otherwise damaged. 


k. Do not stretch wires to mate connectors; allow 
sufficient slack to permit easy mating. 


14—18. SUPPORT. Bind and support wire and wire bun- 
dles to meet the following requirements: 


a. Prevent chafing of cables. 


b. Secure wires and wire bundles routed through 
bulkheads and structural members. 


c. Fasten wires in junction boxes, panels and bune 
dles for proper routing and grouping. 
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d. Prevent mechanical strain that would tend to 
break the conductors and connections. 


e. Prevent arcing or overheated wires from causing 
damage to mechanical control cables. 


f. Facilitate re-assembly to equipment and terminal 
boards, 


g- Prevent interference between wires and other 
equipment, 


h. Permit replacement or repair of individual wires 
without removing the entire bundle. 


i. Prevent excessive movement in areas of high 
vibration. 


14-19. PROTECTION. Install and route wires and 
wire bundles to protect them from the following: 


a. Chafing or abrasion. 
b. High temperature. 


c. Use of wire bundles as handholds, footrests or 
steps, or as support for personal belongings and equip- 
ment. 


a 
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d. Damage by personnel moving within the aircraft. 


d. Damage from cargo stowage or shifting. 


f. Damage from battery acid fumes, spray or spillage. 


g- Damage from solvents and fluids. 


h. Abrasion in wheel wells where exposed to rocks, 
Ice, mud, etc. 


14-20. PROTECTION AGAINST CHAFING. _ Install 
wires and wire groups sothey are protected against 
chafing or abrasion in locations where contact with 
Sharp surfaces or other wires would damage the insu- 
lation. Damage to the insulation may result in short 
circuits, malfunction or inadvertent opcration of equip- 
ment. Use Military Standard cable clamps to support 
wire bundles at each hole through a bulkhead. See fig- 
ure 14-6, If wires come closer than 1/4 inch to edge 
of hole install a suitable grommet in hole as shown tn 
figure 14-7, 


CAUTION 


Do not depend on vinyl sleeving as protection 


against abrasionor chafing, or 4s a substitute 
for good routing practice. 


MS219 19 
CABLE CLAMP 


CLEARANCE 
1/4°° MINIMUM 


ANGLE BRACKET WITH 
TWO POINT FASTENING 


Figure 14-6. Cable Clamp at Bulkhead Hole 
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WIRES LESS THAN 1/4 INCH 
FROM HOLE EDGE 





Figure 14—7. Cable Clamp and Grommet 
at Bulkhead Hole 


14-21. PROTECTION AGAINST HIGH TEMPERA- 
TURE. To prevent wire insulation deterioration, keep 
wires separate from high temperature equipment such 
as resistors, exhaust stacks, heating ducts, etc. The 
amount of separation is specified by engineering draw- 
ings. If wires must be run through hot areas, insulate 
the wires with high temperature material such as as- 
bestos, fiber-glass, or TFE. Additional protection in 
the form of conduit may be specified by engineering. 


CAUTION 


Never use a low temperature insulated wire 
to replace a high temperature insulated wire. 


Many coaxial cables have soft plastic insulation such 
as polyethylenc. These are especially subject to de- 
formation and deterioration at elevated temperatures. 
Avoid all high temperature areas with these cables. 


14—22. Give additional abrasion protection to asbestos 
wires enclosed in conduit. Use conduit with a high 
temperature rubber liner, or enclose asbestos wires in- 
dividually in high temperature plastic tubing before in- 
stalling in conduit. 


14-23. PROTECTION AGAINST PERSONNEL AND 
CARGO. Install wire bundles so they are protected 
by the structure. Use structure or conduit to prevent 


237 


Section XIV 
aragraphs 14-24 to 14-29 


pinching against the air frame by cargo. Locate wire 
bundles so that personnel are not tempted to use sec- 
tio:s of the wire runs as hand holds or ladder rungs. 


14-24. PROTECTION AGAINST BATTERY ACIDS. 
Never route any wires below a battery. Inspect wires 
in battery areas frequently. Replace any wires which 
are discolored by battery fumes. 


14-25. PROTECTION AGAINST SOLVENTS AND 
FLUIDS. Avoid areas where wires will be subjected 
to damage from fluids. Wires and cables installed in 
aircraft bilges shall be installed at least six inches 
from the aircraft centerline. If there is a possibility 
that wire without a protective outer jacket may 
be soaked in any location, use plastic tubing to pro- 
cect it. This tubing should extend past the wet area 
in both directions and be tied at each end if the wire 
has a low point between the tubing ends. The lowest 
point of the tubing should have a 1/8 inch drainage 
hole as shown in figure 14—8. Punch the hole in the 
tubing after che installation is complete and the low 
point definitely established. Use a hole punch to cut 
a half circle. Be careful not to damage any wires in- 
side the tubing when using the punch. 


DRAINAGE HOLE 1/8 INCH DIAMETER AT 
LOWEST POINT IN TUBING. MAKE THE 

HOLE AFTER INSTALLATION IS COMPLETE 
AND LOWEST POINT IS FIRMLY ESTABLISHED 


Figure 14-8. Drainage Hole in Lov Point 
of Tubing 


14—26. PROTECTION IN WHEEL WELLS AND WING 
FOLDS. Wires located in wheel wells and wing folds are 
subject to many additional hazards such as exposure 
to fluids, pinching, and severe flexing in service. Make 
sure that all wire bundles are protected by sleeves of 
flexible tubing securely held at eachend. There should 
be no relative movement at point where flexible tubing 
is secured. Inspect these wires and the insulating tub- 
ing carefully at very frequent intervals. (See applicable 
Handbook of Maintenance Instructions for frequency of 
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inspection.) Replace wires and/or tubing at the first 
sign of wear. There should be no strainon attachments 
when parts are fully extended but slack should nor be 
excessive, 


14—27. SEPARATION FROM PLUMBING LINES. When 
wiring must be routed parallel to combustible fluid or 
oxygen lines for short distances, maintain as much 
fixed separationas possible; sixinches or more. Route 
the wires on a level with, or above, the plumbing lines. 
Space clamps so that if a wire is broken at a clamp it 
will not contact the line. Where a six-inch separation 
is not possible, clamp both the wire bundle and the 
plumbing line to the same structure to prevent any re- 
lative motion. If the separationis less than two inches 
but more than 1/2 inch use a nylon sleeve over the 
wire bundle to give further protection. Use two cable 
clamps back to back as shown infi,ure 14—9 to main- 
tain a rigid separation only (not for bundle support). 





Figure 14-9. Separation of Wires from 
Plumbing Lines 


CAUTION 


Do not route any wire so that is can possibly 
come closer than 1/2 inch to a plumbing line. 


WARNING 


Never support any wire or wire bundle from a 
plumbing line carrying flammable fluids or 
oxygen. Clamps may be used only to insure 
separation. 


14—28. Route wiring to maintain a minimum clearance 
of three inches from control cables. If this is not pos- 
sible, install mechanical guards to frevent contact of 
wiring with control cables 


14-29. INSTALLATION OF CABLE CLAMPS, Install 
MS21919 cable clamps as shown in figure 14-10, The 
mounting screw should be above the wire bundle, if 
possible. It is also desirable that the back of the 
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Paragrophs 14-30 to 14-33 


PREFERRED 





Figure 14-10. Preferred Angle for Cable Clamps 


cable clamp rest against a structural member. Use 
hardware as shown in figure 14—I11.to mount cable 
clamps to structure. Be careful not to pinch wires in 
cable clamp. If the wire bundle is smaller than the 
nearest clamp size, or if a clamp of the proper size is 
not available, wrap the wire bundle with the necessary 
number of turns of vinyl rape so that the bundle will be 
held securely in the clamp. 


Note 


MS21919 cable clamps are cushioned with in- 
sulating material to prevent abrasion of wires. 
Never use metal clamps without cushions to 
hold wires. 


14-30. Nylon cable clamps, MS25281, may be used to 
support wire bundles up to two inches in diameter in 
open wiring, or inside junction boxes and on the back 
of instrument panels. When installing nylon cable 
clamps, use a large diameter metal washer under the 
screw head or nut adjacent to the clamp. 


CAUTION 


Do not use nylon cable clamps whcre the am- 
bient temperature may excced 235 F. 


14-31. Mount cable clamps directly to ‘'Z’’ members 
of structure. Use angle bracket with two mounting 
screws if structural member is angle as shown in fig- 
ure 14-12. 


14-32. Atool to facilitate che installationof cable 
clamps is shown in figure 14—13; this cool is available 
as item FSN G5120-703-9565. Similar to conventional 
multiple slip joint pliers, the tool compresses and 
holds the clamp with the securing bolt in place while 
a nut is being installed on the bolt. The tool is part- 
icularly useful for installing clamps in restricted areas, 
and for installing groups of two or three clamps. 


14-33. INSTALLING CABLE CLAMPS TO TUBULAR 
STRUCTURE. Use AN735 clamps without cushions for 
clamping totubular structure. The clamps must fit 
tightly but should not deform when locked inplace. 
Attach wire bundle in MS21919 cable clamp to the 
AN735 clamp with AN hardware as shown in figure 14-14. 
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AN515 SCREW MS21919 CABLE CL AMP 


AN960 | AN960 PLAIN WASHER L__ 
PLAIN WASHER = 


AN936B LOCK WASHER, 
AN935 SPLIT LOCKWASHER AN340 NUT EXTERNAL TEETH MS20365 NUT SELF-LOCKING 





Figure 14-11. Typical Mounting Hardware for MS 21919 Cable Clamps 


14—34. INSTALLING GROMMETS. Military Standard 
MS21919 CABLE CLAMPS grommets are available in rubber, nylon and TFE. Se- 
lect grommet suitable for the environmental conditions 
from table 14-3. 








as ¥ ——— Ms TABLE 14-3 
._ ea =—— Grommets - Temperature Limitations of Material 
ree ous 
q Bp 7 Upper 
Standard Material Temperature Limit 
MS35 489 Rubber, Hot Oil 250°F 
and Coolant Re- 
sistant 
ANGLE MEMBER 
ieee iper MS35490 Rubber, General 250°F 
Purpose 
MS21265 and 
ANGLE BRACKET CORRECT MS21266 Nylon 235°F 
MS21265 and 7 
MS2 1266 TFE 500 F 


If it is necessary to cut a nylon grommet in order to in- 
stall it, make che cut at an angle of 45 degrees as shown 
in figure 14—15, Cement the grommet in place with ge- 
neral purpose cement, with the cut at the top of the 
hole. When inscalling caterpillar grommets, cut the 
grommet to the required length, making sure to cut 
square between the ceeth as shown in figure 14—16. 
Cement the grommet in place with general purpose ce- 
ment, with the cut at the top of the hole. 


14-35. CONNECTIONS TO TERMINAL BOARDS AND 





WIRE IS PINCHED IN CL AMP BUSBARS. 
INCORRECT 14—36. CONNECTING TERMINAL LUGS TO TERMI- 
NAL BOARDS. (See figure 14-17). Install terminal 
Figure 14-12. Attaching Cable Clamp to Structure lugs on Military Standard terminal boards MS25123 or 
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CLAMP BOLT 


CLAMP RETAINING PAWL 


Figure 14—13. Tool for Installing Cable Clamps 


TUBULAR 
STRUCTURE 


MS21919 
CABLE 
CL AMP © 





Figure 14-15. Split Grommet 





CUT LINE 





Figure 14—14. Installing Cable Clamps to 
Tubular Structure Figure 14-16, Cutting Caterpillar Grommet 
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Paragraphs 14-37 to 14—40 


MS27212 in such a way that they are locked against 
movement in the direction of loosening. See table 14—4 
for MS27212 terminal board specifications. 


Note 


MS27212 terminal boards are used in Navy and 
Air Force installations as a replacement for 
the NAS 191 terminal boards formerly used. 
MS25123 are also used in Navy installations. 


14—37. HARDWARE FOR WIRING TERMINAL BOARDS. 
MS25123 terminal boards have studs secured in place 
with an AN960 flat washer and an MS20341 steel nut. 
Place COPPER terminal lugs directly on top of the 
MS20341 nut. Follow with an AM9GO flat washer, an 
AN935 splic steel lockwasher, and either an MS20341 
steel nut or an MS21044 self-locking all-metal nut. 
See figure 14—18 for details of this assembly. 


Note 


Do not climinare the AN935 split lock-washer 
even when using anMS21044 self-locking nut. 


NOTE: ALL TERMINALS SHOULD BE PLACED SO 
THAT MOVEMENT WILL TIGHTEN NUT 





Figure 14-17. Connecting Terminals to 
Terminal Board 


TABLE 14-4 
MS27212 Terminal Boards ond Covers 

Terminal Board Stud Number Cover 

MS Part Number Thread of Studs Parte Number 

MS27212-—1-—20 6—32UNC—2A 20 MS 18029—1—20 

MS27212—2-—16 10-32UNF-2A 16 MS 18029-—2-16 

MS27212—3-—8 1/4-28UNF-2A 8 MS 18029—3-—8 
. MS27212-—4-—8 5§/16-24UNF-2A 8 MS 18029-—4-—8 

MS27212—5-—8 3/8-24UNF-2A 8 MS 18029—5—8 


Note: Terminal boards and covers are procured in full lengths with number of studs indica- 


ted. Cut to suit needs at installation. 


14-38. MS27212terminal boards have studs molded in, 
so do not require hardware for attaching studs to the 
terminal board. Use same hardware for installing ter- 
minal lugs as for MS25123 terminal boards (refer to 
14—37 and figure 14-18.) 


14-39. Place ALUMINUM terminal lugs over an 
MS25440 plated flat washerof the correct size for ter- 
minal and stud from table 14—5. Follow the terminal 
lugs with another MS25440 flat washer, an AN935 split 
steel lock-washer and either an MS20341 nut or an 
MS21044 self-locking all-mecal nut. See figure 14—19 
for details of this assembly. 


CAUTION 


Do not place any washer in the current path 
between two aluminum terminal lugs or be- 
tween two copper terminal lugs. 


CAUTION 


Never place a lockwasher directly against 
the tongue or pad of an aluminum terminal or 
busbar. 


242 


14-40. To join a COPPER terminal lug to an ALUMI- 
NUM terminal lug, place an MS25440 flat washer over 
the nut which holds the stud in place; follow with the 
ALUMINUM terminal lug, another MS25440 washer, the 
COPPER terminal lug, AN9G0 plain washer, AN935 
split steel lockwasher and MS20341 plain nut or 
MS21044 self-locking nut. See figure 14—20 for details. 


TABLE 14-5 
Washers for use with ALUMINUM Terminal Lugs 


MS Number Terminal Size Stud Size 

MS25440-3 = 8, 6, 4 No. 10 
-4 ‘8, 6, 4, 2, 1, 1/0 1/4 
—5 8, 6, 4, 2, 1, 1/0, 2/0 5/16 
-6 8, 6, 4, 2, 1, 1/0, 2/0 3/8 
-6A 3/0, 4/0 3/8 
-8 2,1, 1/0, 2/0, 1/2 

3/0, 4/0 
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MS21044 NUT, SELF-LOCKING 
ALL METAL 


MS20341 NUT 


AN935 SPLIT LOCKWASHER 


AN960 FLAT WASHER 


MS20659 OR TERMINAL STUD OF MS25123 


MS25036 TERMINAL OR MS27212 TERMINAL BOARD 
LUGS, COPPER 


MS20341 NUT 
AN960 FLAT WASHER 


FOR MS25123 
TERMINAL BOARD ONLY 


Figure 14-18. Hardware for Wiring Terminal Boards with Copper Terminals 


MS21044 NUT, SEL F-LOCKING 


ALL METAL MS20341 NUT 


——_—_—_—————— ee MS25440 FLAT WASHER 


ae 


TERMINAL STUD OF MS25123 


MS25435 TERMINAL LUGS, OR MS27212 TERMINAL BOARD 
AL UMINUM 


MS20341 NUT 


AN960 FLAT WASHER 


FOR MS25123 
TERMINAL BOARD ONLY 


Figure 14-19. Hardware for Wiring Terminal Boards with Aluminum Terminals 
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‘ea 2s o =e MS21044 NUT, SELF-LOCKING ALL METAL 
2 @ 6 ee ee NUT 


mings SPLIT LOCKWASHER 
Cr —$_ noo FLAT WASHER 


MS20659 OR MS25036 
TERMINAL LUG, COPPER 


MS25440 FLAT WASHER 


MS25435 TERMINAL LUG, ALUMINUM 


Fg a a MS25440 FLAT WASHER 


TERMINAL STUD OF MS25123 
OR MS27212 TERMINAL BOARD 


MS20341 NUT 
AN960 FLAT WASHER 


FOR MS25123 
TERMINAL BOARD ONLY 





Figure 14-20. Hardware for Wiring Terminal Boards with Combination of Terminals 


14-41. INSTALLATION TORQUES FOR LARGE COP- 
PER TERMINALS. Use a torque wrench to tighten 
nuts on 3/8’’ and larger diameter studs to insure suf- 
ficient contact pressure. The tightening torques for 
steel studs are as listed in table 14-6, 


TABLE 14-6 
Installatien Torques for Copper Terminal 


Inch-Pounds of Torque 


Sud Size Plain Nuts Self-locking Nuts 
3/8—24 110—120 115-125 
1,/2-—20 135-150 150-170 


14-42, INSTALLATION TORQUES FOR ALUMINUM 
TERMINALS. Use a torque wrench to tighten nuts over 
any stack-up containing an ALUMINUM terminal lug. 
The tightening torques for steel studsare listed in 
ble 14-7. 


TABLE 14-7 


Installation Torques for Aluminum Terminals 


Stud Size Inch-Pounds of Torque 
#10 32 
1/4 100 
5/16 150 
3/8 250 
1/2 480 
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14-43. CONNECTING TERMINAL LUGS TO BUS 
BARS. In order to obtain maximum efficiency in the 
transfer of power, the terminal lug and the busbar 
should be indirect contact with each other, so that the 
current does not have to gothrough any of the attaching 
parts, even if these are good-current-carrying mate- 
tials. As illustrated in figures 14-21 through 14-24 
the above applies whether the terminal lugsand the 
busbar are of the same or of different materials. 


14-44. CLEANING BUSBARS WHEN MAKING CON- 
NECTIONS, Clean all busbar areas before making new 
connections or replac‘ny old connections. See Section 
XIII for procedure to be followed in cieaning busbars. 
Ms noted in paragraph 13-9, the cleaned surface of an 
ALUMINUM busbar is coated with a petrolatum-zinc 
dust compound which is left on the surface while che 
connection is made. 


14—45. HARDWARE FOR CONNECTION TO BUS- 
BARS. Cadmium plated steel hardware (except as 
noted below) is used to secure terminals to busbars. 
Use split lockwashers under hex nuts and under self- 
locking nuts. Use plated steel plain washers between 
lockwashers and copper terminals. Use plated brsss 
flac washers (MS25440) between lockwashers and alu- 
minum terminals. As shown in figures 14—21 through 
14—24, the head of the screw or bolt can be located on 
the terminal side or the busbar side as required to sim- 
plify the installation. 

14—46. Use a cadmium plated steel split lockwasher 


(AN935) under the head of every bolt or screw and also 
under the hut, as shown. 
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INSULATING SLEEVE ANS515 SCREW OR AN BOLT 
A 


AN935 SPLIT LOCKWASHER 


7K 1A MS25440 FLAT WASHER 
SKS [ua 


MS25440 FLAT WASHER 


LE Le BUSBAR, ALUMINUM 
(eee 


ee AN935 SPLIT LOCK WASHER 


MS25435 TERMINAL LUG, ALUMINUM MS21044 SEL F-LOCKING NUT, 
ALL METAL OR MS20341 NUT 





Figure 14-21. Connecting Aluminum Terminal to 
Aluminum Busbar 


INSULATING SLEEVE AN515 SCREW OR AN BOLT 


AN935 SPLIT LOCKWASHER 


AN961 FLAT WASHER 


i ea B ne BUSBAR, ALUMINUM 
POLL LL Pa are x" MS25440 FLAT WASHER 
KC x Kx » BRASS PLATED 


—_ AN935 SPLIT LOCKWASHER 





MS20341 NUT OR MS21044 
MS20659 OR MS25036 TERMINAL LUG, COPPER SEL F-LOCKING NUT, ALL METAL 


Figure 14-22. Connecting Copper Terminal to 
Aluminum Busbar 


INSULATING SLEEVE MS21044 SELF-LOCKING NUT ALL METAL 
AN935 SPLIT LOCK WASHER 


MS25440 FLAT WASHER PLATED BRASS 


BUSBAR, COPPER 


OLA AL SAL SS 
tft, Oe, 
- ia “ 5 so: 


aD 
=a. 


AN960 FLAT WASHER 


AN935 SPLIT LOCK WASHER 


MS25435 TERMINAL LUG ALUMINUM AN515 SCREW OR AN BOLT 


Figure 14-23. Connecting Aluminum Terminal to 
Copper Busbar 
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INSULATING SLEEVE 


Wiss 
LL ll 


i; 


SSE ae 


MS20659 OR MS25026 TERMINAL LUG COPPER 


AN515 SCREW OR AN BOLT 
AN935 SPLIT LOCKWASHER 
AN960 FLAT WASHER 
BUSBAR, COPPER 


AN 960 FLAT WASHER 


AN935 SPLIT LOCKWASHER 


MS 20341 NUT OR MS21044 SELF- 
LOCKING NUT, ALL METAL 





Figure 14-24, Connecting Copper Terminal to Cepper Bubsar 


14-47. Use placed brass flat washers (MS25440) in con 
tact with aluminum. The washer diameter must be at 
least equal to the tongue diamecer of the terminal. See 
table 14-5. Donot select a washer so large that it will 
ride on the barrcl of the terminal. After tightening con- 
nection use soft cloth to wipe off excess petrolatum- 


zinc compound left in place in accordance with 14—44. 


14-48. PRI-CAUTIONS WHEN REPLACING EXISTING 
CONNECTIONS. Observe the following precautions 
when replacing existing terminal lug connections to 
busbars. 


a. Check all flat washers. Replace bent washers. 


INSULATING SLEEVE 


4 4/4 
, NNN 
yess 


(Min 


er eet eer 
; \ : Sy RN 


gE: lata 


SSNs 
NONA ‘A 
yer y se Ne aR 


MS25036 OR MS25069 TERMINAL LUG, COPPER 


INSULATING SLEEVE 


WES Rie: o =e 
ree 


Aerie 
NUN ey 
4 4 ares 


MS25435 TERMINAL LUGS, ALUMINUM 


==. 


Replace washers which have scratched plating or paint 
on faying surface. 


b. Clean busbar connection areas by approved me- 
thods. (See Section XIII). 


c. Check plated copper terminal lugs before con- 
necting to an aluminum busbar. If plating is scratched, 
replace terminal lug. 


14~49. CONNECTING TWO TERMINALS TO SAME 
POINT ON BUSBAR. Terminal lugs must always be 
in direct contact with busbar. As shown in figure 
14—25, connect one terminal lug to top of busbar and 
the other to bottom. 


AN515 SCREW OR AN BOLT 
AN935 SPLIT LOCK WASHER 
AN960 FLAT WASHER 

BUSBAR, COPPER OR ALUMINUM 
AN960 FLAT WASHER 

AN935 SPLIT LOCK WASHER 


MS20341 NUT OR MS21044 
SELF-LOCKING NUT, ALL METAL 


AN515 SCREWOR AN BOLT 
ANI35 SPLIT LOCK WASHER 
MS25440 FLAT WASHER 


BUSBAR, ALUMINUM OR COPPER 


AN935 SPLIT LOCKWASHER 


MS20341 NUT OR MS21044 SEL F- 
LOCKING NUT, ALL METAL 





Figure 14~25. Connecting Two Terminals to Same Point on Busbar 
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Note 


Terminal lug offset is positioned so that bar- 
rel cannot contact busbars. This allows pro- 
per seating of tongue on busbar. 


14-50. PROTECTION OF BUSBARS AGAINST AC- 
CIDENTAL SHORTING. Busbars are usually enclosed 
im panels or junction boxes to protect them against 
accidental shorting. If the busbars are not enclosed 
it is desirable to use some protective coating. A good 
protective coating which is easily applied is MIL-S- 
8516 Sealing Compound. This is applied thickly with 
a spatula or short bristled brush to the cleaned busbar 
prior to assembly of connections. Mask all areas where 
connections will be made. Use pressure sensitive 
tape for masking. See detailed instructions for apply- 
ing and curing sealing compound in section X and in 
section III, paragraph 3-G2. Remove masking tape 
after sealing compound is cured by cutting into com- 
pound next to cape with a razor blade and peeling tape 
from the masked area. 


15-51. Busbars can also be protected by slitting a 
piece of vinyl rubing and wrapping it around the bus- 
bar after all connections are made. Select vinyl tubing 
which has large enough diameter to permit a generous 
overlap when tying it in place. See figure 14-26 for 
cutting and tying details. 


TIE WITH LACING TWINE 


GENEROUS 


"VES 
SH 
= & 


4 


VINYL SHEET OR TUBING 
SLIT TO FIT AROUND 


MOUNTING BOL T 


Figure 14-26. Vinyl Tubing Around Busbar 


14-52. CONNECTING TERMINAL LUGS TO EQUIP- 
MENT. When connecting wired terminal lugs to ter- 
minals on switches, relays and other equipment, the 
terminal lugs may be bent at the barrel-tongue junction 
if necessary to permit installation. When bending is 
required, keep the bend radius as large as possible, 
while keeping the bend angle as small as possible. 
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CAUTION 


Do. not bend terminal lugs to an angle greater 
than 90 degrees. Do not subject terminal 
lugs to more than one bending operation, 


13-53. INSTALLATION OF WIRES IN CONDUIT. 


14-54. CONDUIT CAPACITY. Measure the bundle 
wires before installing in conduit. In accordance with 
Military Specification MIL-W-5088 the bundle diameter 
must not exceed 80% of the internal diameter of the 
conduit. See figure 14—27, 


DIAMETER OF WIRE BUNDLE NOT MORE 
THAN 80% OF INSIDE DIAMETER OF CONDUIT 





Figure 14-27. Conduit Capacity 


CAUTION 


Noties or splices are permitted insiee a con- 
duit. 


14-55. FEEDING WIRES INTO CONDUIT. Feed wires 
through a short length of conduit by taping the end of 
the bundle together and pushing it gently through. 
Longer runs of conduit or conduit with complex bends 
will require a leader. Make a leader out of a flannel 
or other soft cloth patch attached to a string long 
enough to pass completely through the conduit. The 
patch should fit loosely in conduit. See figure 14-28, 
Use compressed air at no more than 35 psi to blow 
patch and attached string through the conduit. Tie wire 
bundle securely to string and tape over junction to 
cover all wire ends. Pull string through conduit while 
carefully feeding wires into other end. After wire is 
installed remove tape and detach string. 


14—56. SUPPORTING WIRES AT END OF RIGID CON- 
DUIT. Use an MS21919 cable clamp to support wires 
at each end of conduit. Place the cable clamp in a 
direce line with the conduit end to prevent chafing of 
wires at edge of conduit. Place cable clamp as close 
to end of conduit as practicable, but never more than 
10 inches away. See figure 14-29, 
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STEP a STRING ATTACHED 
TO CLOTH PATCH 





STEP b START LEADER 
WITH ROD OR PENCIL 


STEP c BLOW LEADER THROUGH CONDUIT WITH AIR 


Figure 14-28. Leader for Conduit 


CLAMP AN742 
NOT OVER 10 INCHES 


MS21919 CABLE CLAMP 


RIGID CONDUIT 


Fiaqure 14-29. Support for Wire at Conduit End 


Note 


Do notteave wire slack inside conduit. Wires 
should be free but not taut inside conduit. 


14-57. INSTALLATION Or CONNECTORS. 
14-58. ASSEMBLY OF CONNECTORS TO RECEPTA- 


CLES. Assemble connectors to receptacles as follows: 
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CAUTION 


Do not use force to mate*connectors to recep- 
tacles. 


a. Locate the proper position of the plug in relation 
to the receptacle by aligning the key of one part with 
the groove or keyway of the other part. 


CAUTION 


Do not twist wire bundle excessively to 
achieve proper matching of plug and recep- 
tacle. 


b. Start the plug into the receptacle with a light 
forward pressure and engage the threads of coupling 
tring and receptacle. 


c. Alternately push in the plug and tighten the cou 
pling ring until the plug is completely seated. 


CAUTION 


Do not hammer a plug into its receptacle. 
Never use a torque wrench, or pliers to lock 
coupling rings. 


d. Use a strap wrench to tighten coupling rings 
1/16 to 1/8 turn beyond finger tight if space around 
connector is too small to obtain a good finger grip. 


14-59. DISASSEMBLY OF CONNECTORS FROM RE- 
CEPTACLES. Disassemble connectors as _ follows: 


a. Use strap wrenchto loosen coupling rings which 
are too tight to be loosened by hand. 


b. Alternately pull on the plug body and unscrew 
coupling ring until connector is separated. 


CAUTION 


Do not pull on attached wires. 


c. Protect disconnected plugs and receptacles with 
caps to keep debris from entering and causing faluts. 


14—60. CODING OF CONNECTORS, As a design ob- 
jective, receptacles whose plugs are interchangeable 
are not located in close proximity to each other. How- 
ever, when installation requirements are such that these 
receptacles are in adjacent locations use clamps on 
the plug wires, or assemble plugs and receptacles so 
as to use one of the alternate insert positions, to make 
it physically impossible to connect a plug into the 
wrong receptacle. Also color-code the connector plug 
body and the flange or mounting area of the receptacle. 


a. Use one bright color, such as red, green or yel- 
low for each matching pair. 


b. Paint only the shell of plugs - not the coupling 
rings. 


c. Paintonly the mounting flamge of the recepracté. 
Note 


Avoid painting the threaded surfaces or insu- 
lators of plugs or receptacles. 
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14-61, SPECIAL PRECAUTIONS FOR CONNECTORS 


WITH RESILIENT INSERTS. When assembling or in- CONNECTOR ADDITIONAL 
BACK SHELL CONDUIT 


stalling miniature MS connectors with resilient inserts, 
observe the following special precautions: 


a. Before mating connectors, inspect to see that 
contacts are not splayed or bent. When mating con 
mectors make sure chat plug is inserted straight into 
the receptacle hefore tightening coupling ring. 





b. Avoid, where possible, locating connectors of 
the same shell size adjacent to each other, whether 
they have different insert arrangements or not. 





c. Locate receptacles where they are clearly visible ; : 
and accessible to aid in keying and inserting plug. Figure 14-30. bir Hid ea on 
This will tretp to avoid bending receptacle pins while Connector Back Shell 
seeking proper polarization. 


CAUTION 


Do not mis-connect plugs and receptacles by 
torcing pins into the resilient insert, either 
by misalignment of properly mating connec- 
tors, or by joining connectors with identical 
shells but differently keyed insert arrange- 
ments. 


a. When mating connectors with bayonet lock cou- 
pling, make sure that all locking rivets of the coupling 


are engaged. 
WIRES TWIST 
14-62. MOUNTING CONNECTORS. Before mounting ACROSS HINGE 


receptacles cto the back of a panel or bulkhead, make 
sure there is sufficient clearance to couple the plug to 
the receptacie. Make sure that mounting hardware does 
not interfere with the installation of the locking ring. 


14-63. INSTALLING CONDUIT ON CONNECTORS. 
When installing a stepped-down conduit on the back 
shell of a'connector having large wires (size No. 8 or 
larger), add an additional back shell to the connector 
before installing the conduit. This will allow the wire 
bundle to decrease in diameter gradually, and prevent 
sharp bends in the wires. (See figure 14—30.) 


a CORRECT 


14-64. INSTALLATION OF WIRE IN JUNCTION 
BOXES. 


14-65. LACING OR TYING IN JUNCTION BOXES. 
Wire bundles can be either laced or tied with spot ties. 
Lacing and tying procedures are described in section 
XV. 


14-66. SUPPORT INSIDE JUNCTION BOXES. Use 
MS21919 cable clamps to support wires across hinged 
doors to that wires will be twisted and not bent when 
the door is opened. See figure 14—31 for correct and in- 
correct methods of support. 


WIRES BEND ACROSS HINGE 


14—67. Attach wire bundles to walls of junction box to 
prevent chafing or abrasion against terminal studs or b INCORRECT 
other items in box. Tie up slack (required for terminal 
rework) to prevent snagging. Figure 14-31. Support Inside Junction Box 
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SECTION XV 
LACING AND TYING 


15-1. INTRODUCTION. 


15-2. GENERAL. Wire groups and bundles are laced 
or tied to provide ease of installation, maintenance and 
inspection. 


15-3. SCOPE. This section describes and illustrates 
the recommended procedures for lacing and tying wire 
groups or bundles, using knots which will hold tightly 
under all conditions; and for installing self-clinching 
plastic cable straps. Serving of wire is described in 
Section VII, paragraph 7—24. 


15-4. REFERENCE SPECIFICATIONS AND DRAW. 
INGS. 


MIL-S-572 Cords, Yarns and Monofilaments, Organic 
Synthetic Fiber 

MIL-T-713 Twine and Tape, Lacing and Tying, for 
Use in Electrical and Electronic E quip- 
ment 

MIL-W-5088 Wiring, Aircraft, Installation of 

MIL-C-5649 Cord, Cotton, Braided, Prewaxed 

MIL-I-7798 Insulation Tape, Electrical, Pressure- 
Sensitive Adhesive, Plastic 

MIL-S-23190 Strap, Cable, Adjustable, Plastic 

MS17821 Strap, Cable, Adjustable, Self-Clinching, 
Plastic 

MS17822 Strap, Cable, Identification, Adjustable, 
Self-Clinching, Plastic 

MS 17823 Tool, Hand, for Adjustable Plastic Cable 
Straps, Thin Type . 

MS17824 Tool, Hand, for Adjustable Plastic Cable 


Straps, Thick Type 


15-5. DEFINITIONS. 


a. Tying is the securing together ofa group or bun- 
die of wires. with individual ties at regular intervals 
around the group or bundle, 


-b. Lacing is the securing together of a group or bun- 
dle of wires, installed inside enclosures, by means of 
a continuous cord forming loops at regular intervals 
around the group or bundle. 


c. A Wire Group is two or more wires tied or laced 
together to give identity to an individual system. 


d. A Wire Bundle is two or more wires or groups 
tied or laced together to facilitate maintenance. 


15-6. MATERIALS. Use narrow flat tape wherever 
possible for lacing and tying. Round cord may also be 
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used, but its use is not preferred because cord has a 
tendency to cut into wire insulation. Use cotton, linen, 
nylon or glass fiber cord or tape, according to temper- 
ature requirements. Cotton or linen cord or tape must 
be prewaxed to make it moisture and fungus resisting. 
Nylon cord or tape may be waxed or unwaxed; glass 
fiber cord or tape is usually not waxed. 


CAUTION 


Use only flat braided waxed nylon tape to 
lace or tie coaxial cables, or bundles con- 
taining coaxial cables. 


15-7. Use either vinyl or glass fiber pressure-sensi- 
sitive tape, according to temperature requirement. Use 
pressure-sensitive tape only when its use is specifi- 
cally permitted. 


15—8. Moldednylon self-clinching cable straps may be 
used where the temperature is not expected to exceed 
350° F. 


15-9. GENERAL PRECAUTIONS. When lacing or tying 
wire groups or bundles, observe the following pre- 
cautions: 


a. Lace or tie bundles tightly enough to prevent 
slipping, but not so tightly that the cord or tape cuts 
into or deforms the insulation. Be especially careful 
when lacing or tying coaxial cable, which has a soft 
dielectric insulation between the inner and outer con- 
ductors. 


CAUTION 


Do not use round cord for lacing or tying bun- 
dles which contain coaxial cable. 


b. Do not use ties on that part of a wire group or 
bundle located inside a conduit. 


c. Whentying wire bundles behind connectors, start 
ties f ar enough back from the connector to avoid splay- 
ing of contacts. 


15-10. LACING. Continuous lacing may be used only 
on those wire groups or bundles which are to be in- 
stalled in panels or junction boxes. Use double cord 
lacing on groups cr bundles larger tnan one inch in 
diameter. Use either single or double cord lacing on 
groups or bundles one inch or less in diameter. For 
lacing groups which branch off a main bundle, see 
15-13. 








Note 


When lacing wire groups or bundles observe 
precautions listed in 15-9. 


15-11, SINGLE CORD LACING. Lacea wire group or 
bundle with a single cord as follows: (See figure 15—1). 


a. Stare the lacing at the thick end of the wire group 
or bundle with a knot consisting of a clove hitch with 
an extra loop. 


b. At regular intervals along the wire group or bun- 
dle, and at each point where a wire or wire group bran- 
ches off, continue the lacing with half hitches, 


Note 


Space half hitches so that the group or bundle 
is neat and securely held. 


c. End the lacing with a knot consisting of a clove 
hitch with an extra loop. 


d. Trim the free ends of the lacing cord to 3/8 inch 
minimum. 


15—12. DOUBLE CORD LACING. Lace a wire group 
or bundle with a double cord as follows: (See figure 
15-2). 


a. Seart.the lacing at the chick end of the wire group 


CORD CROSSES 


UNDER LOOP 


STEP a = STARTING KNOT 


STARTING KNOT 
TIGHTENED 


STEP b — INTERMEDIATE HALF HITCHES 


TRIM TO 3/8" MINS 


STEP ¢ — (PART 1) 
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or bundle with a bowline on a bight. 


b. At regular intervals along che wire group or bun- 
dle, and at each point where a wire group branches off, 
continue the lacing with half hitches, holding both cords 
together. 


Note 


Space half hitches so that the group or bun- 
dle is neat and securely held. 


c. End the lacing with a knot consisting of a half 
hitch, using one cord clockwise and the other counter 
clockwise, and chen tying the cord ends with a square 
knot. 


d. Trim the free ends of the lacing cord to 3/8 inch 
minimum. 


15-13. LACING BRANCH-OFFS. Lace a wire group 
that branches off the main wire bundle as follows: 
(See figure 15-3). 


a. Stare the branch-off lacing with a starting knot 
located on the main bundle just past the branch-off 
point. When single cord lacing is used, make this 
starting knot as described in 15—11, step a; and when 
double cord lacing is used, make it as described in 
15-12, step a. 


PULL HERE UNTIL TIGHT 
BEFORE FINISHING KNOT 


FIRST PART OF FINA 
KNOT TIGHTENED | 


STEP ¢ —(PART II) FINAL KNOT 


Figure 15—]. Single Cord Lacing 
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STEP a STARTING KNOT — BOWLINE ON A BIGHT 


STARTING KNOT TIGHTENED 


STEP b INTERMEDIATE HALF HITCHES 


FINAL KNOT 


Figure 15-2. Double Cord Lacing 
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STARTING KNOT FOR BRANCH-OFF 


BRANCH, 


{ewe 7... — a! 
> ye nw ae 


\S 


MAIN BUNDLE LACING 


NI 
LY 


HALF-HITCH REQUIRED 
AT BRANCH-OFF POINT 


Figure 15-3. Lacing a Branch-Off - 


b. Continue the lacing along the branched-off wire 
group, using regularly spaced half hitches. Where a 
double cord is used, both cords are held together. 


Note 


Space half hitches so that the group or bun- 
dle is neat and securely held. 


c. End thelacing with the regular knot used in sin 
gle and double cord lacing, as described in 15—11, step 
c, and 15-12, step c, respectively. | 

d. Trim the free ends of the lacing cord to 3/8 inch 
minimum. 


15-14. TYING. Tie all wire groups or bundles where 
supports are more than 12 inches apart. Space ties 12 
inches or less apart. 
15—15. MAKING TIES. Make tie as follows: 

a. Wrap cord around wire group or bundle, as shown 
in figure 15—4, 

b. Make a clove hitch, followed by a square knot 
with an extra loop. 


c. Trim free ends of cord to 3/8 inch minimum. 








WRAP CORD TWICE 
OVER BUNDLE 
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CLOVE HITCH & 
SQUARE KNOT 





Figure 15-4. Making Ties 


15~16. TEMPORARY TIES. Temporary ties are used 
to aid in making up and installing wire groups or bun- 
dles. Use colored cord to make temporary ties, and 
remove these ties when the installation is complete. 


CAUTION 


Cut temporary ties with scissors or diagonal 
pliers only. Do not use a knife or other sharp 
edged instrument which may damage the in- 
sulation., 


15-17. TYING WIRE GROUPS INTO WIRE BUNDLES, 
Tie wire groups into bundles as described in 15-15, 
treating the wire groups as though they were individual 
wires, 


15-18. TYING SLEEVES TO WIRE GROUPS OR WIRE 
BUNDLES. Secure sleeves to wire groups or bundles 
by tying as described in 15-15. 

15-19. SECURING WITH PRESSURE-SENSITIVE 


TAPE. See figure 15—5. When use of pressure-sensi- 
tive tape is permitted, install the tape as follows: 


THREE WRAPS 


ZAy 


2/3 OVERLAP 


a 


a 


HEAT SEAL 


Figure 15-5. Securing with Tape 





a, Wrap tape around wire group or bundlethree times, 
with a two-thirds overlap for each turn. 


b. Heat-seal the loose tape end with the side of a 
soldering iron heating element. 


CAUTION 


Do not use tape for securing wire groups or 
bundles which may require frequent main- 
tenance. 


15-20. SELF-CLINCHING CABLE STRAPS. These 
are adjustable lightweight flat nylon straps, with mold- 
ed ribs or serrations on the inside surface to grip the 
wire. They may be used instead of individual cord 
ties for fast securing of wire groups or bundles. The 
straps are of two types: MS17821, a plain cable strap, 
and MS 17822, similar to MS17821, but with the addition 
of a flat surface for identification marking. Refer to 
section II for use of cable straps to identify wire bun- 
dies. Both types of cable straps are availablein ten 
colors as listed in table 15-1. 


TABLE 15-1 
Cable Strap Colors 


Color Dash No. Color 
—0 Black 
-1 Brown 
7 Red 
-3 Orange 
—4 Yellow 
-5 Green 
—6 Blue 
-7 Purple 
-8 Gray 
—9 Natural 


15-21. INSTALLING SELF-CLINCHING CABLE 
STRAPS. Use the Military Standard hand tools listed 
in table 15-2 to install plastic cable straps on wire 
bundles. The procedure is as follows: (See figure 


15-6.) 
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CUT-OFF RELEASE CLIP 


Figure 15-6. lastalling Self-Clinching 
° Cable Strap 
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a. Select a strap of the desired color for the appli- 
cation, and of a size suitable for the wire bundle from 
table 15-2, 


b. Slip the plastic strap around the bundle, with 
the ribbed side in. 


c. Thread thetip of the strap through the eye in the 
strap boss, and pull the strap tight around the bundle. 


d. Select the proper tool for the strap used from 
table 15-2. 


e. Pass the free end of the strap through the slot 
in the top of the cool, and push the tool snug against 
the strap boss. 


f. Hold the tool firmly against the boss, and pump 
the tool handles gently until the strap feels tight in 
the tool and snug abound the bundle. 


ge Pressthe cut-off release clip, and close the tool 
handles all the way, 


Note 


Tool MS17824 does nothave a cut-off release 
clip; the excess strap is automatically removed 
when the tool handles are closed. 


TABLE 15-2 


Self-Clinching Plastic Cable Straps 
and Installing Tools 


For Bundle 
MS Part No. Type Dia (Inches) MS Tool No. 


MS17821—1 Thin 1/16 — 1-3/4 MS 17823 
MS17821-—2 Thin 1/16 -— 4 MS 17823 
MS17821-3 Thick 3/16 — 3-3/4 MS 17824 
MS17822—1 Thin 3/8 — 1-3/4 MS17823 
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SECTION XVI 
WIRING; LOCK, SHEAR AND SEAL 


16—1. INTRODUCTION. 


16—2, GENERAL. Electric connectors, emergency, 
devices and other pieces of electric equipment in air- 
craft are secured with wire when specificdon engincer- 
ing drawings in order to prevent accidental loosening. 


16—3. SCOPE. This sectionoutlinesthe recommended 
procedures for wiring MS electric connectors, and emer- 
gency devices such as switches, switch guards and 
handles which operate ejection seats, emergency bomb 
releases, fire extinguishers etc. General practices 
for safety wirmg are specified in Military Standard 
Drawing MS33540. 


16—4, REFERENCE SPECIFICATION AND DRAVW- 
INGS. 


MIL-W-5088 Wiring, Aircraft, Installation of 
MS 20995 Wire, Lock 
MS33540 Safety Wiring, General Practices for 


16-5. DEFINITIONS. 


16-6. LOCK WIRE. Lock wire is aheavy twisted dou- 
ble-strand wire usedto secure parts against inadvertent 
opening in all areas of high vibration such as the en- 
gine compartment. Electric connectors are lock-wired 
in highevibration areas which are normally inaccessible 
for periodic maintenance and inspection. 


16-7. SHEAR WIRE. Shear wire is a lighter, single- 
strand wire usedto secure parts which may be subject 
to periodic disconnection, maintenance and inspection, 
or for parts which must be quickly removed. 


16-8. SEAL WIRE. Seal wire is a thin, easily break- 
able wire used as a seal on fire extinguishers, oxygen 
regulators and other emergency devices which must be 
quickly released for use, andto indicate whether these 
devices have been tampered with or used. 


16-9. GENERAL PROCEDURES FOR LOCK, SHEAR 
AND SEAL WIRING. 


CAUTION 


Use only new wire; whenreplacing wired clec- 
trical connectors or emergency devices, do 
not re-use the old wirc. 


16-10. LENGTH. Use wire of the shortest length that 


will allow accomplishment of the procedures outlined 
in 16-11 through 16-22. 


1lO-11. DOUBLE TWIST LOCK WIRING. Use the dou- 
ble twist method of lock wiring as illustrated in tigure 
16—1 for all equipment in areas of high vibration, ani 
for electrical connectors in such areas which are in 
accessible, 


10-12. SINGLE WIRE METHOD. Use the single wire 
method shown in figure 16-2 in all conditions speci- 
fied for shear and seal wire as describedin 16—7 and 
16-8. In addition, the single wire method may be used 
in areas hardtoreach, and for small screws in a close- 
ly spaced pattern, 


Jo-13. TWISTING WITH PLIERS. When wire is twist- 
cd by hand, use pliers for the final twists to apply 
tension, and to secure ends of wire. Cut off part of 
wire gripped by plicrs to remove rough edges. 


VERTICAL VIEW 


BEND PIGTAIL AROUND SCREW 
TO PROTECT PERSONNEL 


HORIZONTAL VIEW 





Figure 16-1. Double Twist Lock Wiring 


255 





a] 


Section XVI 
Paragraphs 16-14 to 16-18 


BEND PIGTAIL 

AROUND SCREW 
TO PROTECT 
PERSONNEL 


ie 

~ Sf | 
, 4, 
Wu mi, 
ums 





Figure 16-2. Single Wire Method 
CAUTION 


Make sure wire does not become kinked or 
nicked during twisting operation. If wire is 
damaged replace with new wire. 


16-14. TWISTING WITH SPECIAL TOOLS. Twist wire 
with a wire twister as follows: (See figure 16—3.) 


a. Grip wire in jaws of wire twister and slide outer 
sleeve down with thumb to lock handles. 


b. Pull knob: spiral rod spins pliers and twists the 
wire. 


c. Squeeze handles together to release wire. 


16-15. TIGHTNESS OF WIRE. Install wire so that 
the wire will be in tension if the part loosens. Twist 
wire copether so that it is tight, but do not overstress 
wire as it may break under load or vibration 


16-16. SPECIFIC PROCEDURES FORLOCK, SHEAR 
AND SEAL WIRING. 


16-17. LOCK WIRING ELECTRICAL CONNECTORS, 
Secure clectrical connectors with lock wire only when 
specified on engineering drawings. Flectric connec- 
tors are usually lock-wired in engine nacelles, areas 
of high vibration and in locations not readily acces- 
sible for periodic maintenance inspection. Connectors 
in these locations are identified by a painted/affixed 
red dot 1/2 inch indiameter on adjacent aircraft struc- 
ture. 
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OUTER SLEEVE 


PLIER HANDLES WILL 
SPIN WHEN KNOB 
(Ss. POLLED 





Figure 16-3. Use of Wire Twister 
CAUTION 


Do not wire electric or RF connectors which 
have a mechanical lock, as lock wiring will 
act against the locking feature. 


16-18 LOCK WIRING AN-MS CONNECTORS. When 
specificd on engineering drawings, lock wire ANeMS 
connectors as follows: (See figure 16—4.) 


a. Thread lock wire through wire hole in coupling 
ring. 


Note 


If connector plug to be lock wired does not 
have a wire hole, remove coupling nut and 
drill a #56 (.046) diameter hole diagonally 
through the edge of nut, as shown in figure 


16-5. 


b. Twist wire, under slight tension, approximately 
6 to 8 turns per inch, by hand, or by special tool, as 
described in 16—13 and 16—14. Twist wire right handed, 
so it will have a tightening effect. 


c. Pull one endof twisted wire through hole in drill- 
ed fillister head screw on mounting flange of connec- 
tor. Use a fillister head screw so located as to allow 

Oo ops 
a 60 or smaller angle of the wire, as shown in figure 
16—1. 








LOCK WIRE LUG 


SOLID BACK SHELL 
ANGLE PLUG 


G 


ASSEMBLY NUT 


REQUIRED TO SECURE 
ANGLE BACK SHELL 


BEND PIGTAILS TO “ap 
PROTECT PERSONNEL NIM 


EITHER OF THESE LOCKWIRES 
WIL L SECURE THE PLUG 





Figure 16—4. Wiring AN Type Connector 


DRILL WITH 
#56 (.046) 


N 


VIEW A-A 


— 





Figure 16-5. Drilling Hole in Coupling Nut 
CAUTION 


Do not back off or over-torque mounting fillis- 
ter head screws, in order to align holes for 
lock wiring. 


d. Form pigtail 1/4 to 1/2 inch (3 to 6 twists) with 
pliers. 


e. Bend pigtail back toward body of connector, to 
prevent it from injuring personnel. 
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CAUTION 


Lock-wire all connectors individually. Do 
not lock wire one connector to another. 


16—19. LOCK-WIRING CONNECTOR TOSTRUCTURE. 
If no screw is available for attaching lock wire, secure 
wire to drilled hole in structure not more than G inches 
from connector, as shown in figure 16—6. Use same 
procedure as described in 16-17. 


16-20. SHEAR-WIRING SPLIT SHELL ASSEMBLIES. 
Split shell connectors made by Amphenol are held toge- 
ther by two fillister head screws. Secure these screws 
as follow: (See figure 16-7) 


a. Draw wire through hole in one screw. 


b. Cross wire from left to right between screws, 
and draw through second screw. 


c. Twist wirestogether with pliers, and bend back. 


16—21. WIRING SOLID SHELL ANGLE PLUGS. Angle 
plugs with solid back shells as made by Amphenol are 
in two parts, held together by four screws through ma- 
ting flanges. Wire these screws with a single shear 
wire as shown in figure 16-2. Solid shell angle plugs 
made by Bendix and Cannon have back shells held in 
place by assembly nuts. Instal! a double twisted lock 
wire between hole in assembly nut and lug on back 
shell as shown in figure 16—4. If necessary to lock 
wire the plug itself, install a second double twisted 
wire between the assembly nut and the coupling nut or 
between the coupling nut and one of the receptacle 
mounting screws, as shown in figure 16—4. 


BEND PIGTAIL TO 
PROTECT PERSONNEL \, 
vn 


STRUCTURE 





Figure 16-6. Lock Wiring Connector 
to Structure 
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SHEAR WIRE FOR SPLIT SHELL 


BEND PIGTAIL AROUND 
SCREW TO PROTECT 
SEE INSERT PERSONNEL 


LOCK WIRE FOR COUPLING NUT 


Figure 16-7. Wiring Split Shell 
Assembly Screws 
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16-22. SEAL WIRING EMERGENCY DEVICES. See 
fipure 16—8. Use single wire method to secure emer- 
pency devices. Make sure that wire is so installed 
that it can easily be broken when required in an emere 
gency Situation, 


SEAL WIRE - DO NOT TWIST TIGHTLY 





Figure 16-8. Seal Wiring Switch Guard 
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SECTION XVII 
LAMPS USED IN THE AIRCRAFT ELECTRICAL SYSTEM 


17-1. INTRODUCTION. 


17-2. GENERAL. Lamps are used in aircraft interior 
general lighting, and in instrument, panel and indica- 
ting lights. Lamps used in aircraft exterior lights in- 
clude those for position, fuselage, wing inspection, 
landing and taxiing; the last three are of the sealed 
beam type. 


17—3. SCOPE. This section describes and illustrates 
lamps used in both the interior and exterior circuits of 
military aircraft. 


17-4. REFERENCE SPECIFICATIONS. 


W-L-111 Lamp, Incandescent, (Electric, Minia- | 
ture, Tungsten filament) 

MIL-L-6363 Lamps, Incandescent, Aviation Serv- 
ice, General Requirements for 

MIL-L-6723 Lights, Aircraft, General Specification 
for 

MIL-L-6730 Lighting Equipment, Exterior, Instal- 
lation of 

MIL-L-18276 Lighting, Aircraft Interior, Installation 
of 


17-5. LAMP TYPES. The lamps most commonly used 
in aircraft exterior circuits are listed in table 17-1, 
with their electrical and physical characteristics. The 
MS drawing dash numbers, listed in the second column, 
are usually the same as the commercial designation 
(trade number) of the lamp. Lamps commonly used in 
interior circuits are listed in table 17—2, Lamp types 
are illustrated in figures 17—1 and 17-2. 


17-6. ABBREVIATIONS, Abbreviations to describe 
bulb shape, size and finish, and type of base are as 
follows: 


a. Bulb Shape: 
G Globular 
GG Grimes Globular 
S Straight 
T Tubular 


PAR Parabolic Alum. Reflector 
R Reflector 


b. Bulb size is indicated in one-eighth inches of 
greatest diameter. For example T-8 is a tubular lamp, 
1 inch diameter. 


c. Bulb finish is indicated by letters preceding the 
MS dash number as follows: 


R Red 
SB. Silvered Bowl 


If no letter is present, the lamp is clear glass. 


d. Base type: 


Min. Bay. Miniature Bayonet 

S. C. Bay. Single Contact Bayonet Candelabra 
S. C. Min. Flg. Single Contact Miniature Flanged 
S. C. Mid. Flg. Single Contact Midget Flanged 

Scr. Term. Screw Terminal 

Sub. Mid. Flg. Sub Midget Flanged 


17-7. GENERAL PRECAUTIONS. When installing 
lamps in the aircraft electrical circuit, observe the 
following: 


a. Replace aburnt-out or damaged lamp with a lamp 
of the same MS number, or the approved alternate. 


Note 


The trade number, which is usually the same 
as the MSdashnumber, is stamped on the base 
of each lamp. 


b. Make sure the glass bulbof the lamp is clean and 
free from grease and dirt. To help keep bulbs clean, 
avoid touching the glass bulb with bare hands if pos- 
sible. 


c. Do not force a lamp into its socket. Check to 
see if the lamp will fie properly in only one position. 
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TABLE 17-1 


Lamps Used in Aircraft Lighting - Exterior 














Part No. Dash No. Bulb Base Volts Amps Use (Typical) 
2 

MS15570 —303 G-6 S.C. Bay. 28 30 Fuselage Lights 
MS25231 —313 T-3-1/4 Min. Bay. 28 17 Exterior Lights 
MS25 235 -311 S-11 S.C. Bay. 28 1.29 Fuselage Lights 
MS25 238 —-301 G-5 S.C. Bay. 28 17 Anchor Light 
MS25241 ~4553 P AR—46 Scr. Term. 28 250W Landing Lights 

—4581 PAR—46 Scr. Term. 28 450W Landing Lights 

-—4582 PAR—46 Scr. Term. 28 450W Helicopter Land/ 

Hover Lights 

MS25242 —4559 P AR-64 Scr. Term. 28 GOOW Landing Lights 
MS25 243 —4502 PAR—36 Scr. Term. 28 50W Taxiing; Wing Insp. 

—4505 PAR—36 Scr. Ferm. 28 50W Position Light 
MS25 309 -600 GG-10 S.C. Bay. 6.2 26W Wing Lights 

— 1506 GG-10 S.C. Bay. 6.0 21W Wing Lights 
MS35478 —307 S-8 S.C. Bay. 28 .67 Tail Position Light 

— 1680 S-8 S.C. Bay. 6 4.10 Tail Position Light 
AN3 120 — 1047 RP-11 S.C. Bay. 26 27 Signalling Light 
ceo ecee -—1959 T-—4 (Quartz) Tab 28 1SOW Position Light 
*Amps unless otherwise noted: W — Warts 


TABLE 17-2 


Lamps Used in Aircraft Lighting - Interior 
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Part No. Dash No. Bulb Base Volts Amps Use (Typical) 
MS24515 —682 T-1 Sub. Mid. Flg. 5 .06 Instrument Panel 
—685 T-1 Sub. Mid. Fle. 5 .06 Instrument Panel 
-718 T-1 Sub. Mid. Flg. 5 ~115 Instrument Panel 
MS25 231 —313 T-3-1/4 Min. Bay. 28 rs Indicating Light 
—R313 T-—3-1/4 Min. Bay. 28 17 Indicating Light 
—316 T-3-1/4 Min. Bay. 6 70 Instrument Panel 
MS25235 —311 S-11 S.C. Bay. 28 1.29 Work Table Light 
-R311 S-1] S.C. Bay. 28 1.29 Interior Lighting 
-SB31l1— S-11 S.C. Bay. 28 1.29 Cabin Dome Light 
MS25 237 —327 T-1-3/4 S.C. Mid. Flg. 28 .04) Indicating Light; 
—328 T-1-3/4 S.C. Mid, Flg. 6 .02) Instrument Panel 
MS35478 ~307 S_8 S.C. Bay. 28 67 Cabin Dome Light 
—R307 S-8 S.C. Bay. 28 .67 Interior Lighting 
—SB307 S-8 S.C. Bay. 28 67 Interior Lighting 
MS25 239 —451 PAR—36 Scr. Term. 26 5.3 Flashing Signal 
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-1958 
-1959 


Figure 17-1. Lamps Used in Aircraft Electrical systems 
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Figure 17-2, Aircraft Lamps — Sealed Beam Type 
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Paragraphs 18-1 to 18-7 


SECTION XVIII 
FUSES USED IN THE AIRCRAFT ELECTRICAL SYSTEM 


18-1. INTRODUCTION. 


18-2. GENERAL. Fuses are current-limiting devices 
used in the aircraft electrical system to afford elec- 
trical protection against short circuits and system 
faults. 


18—3. SCOPE. This section describes and illustrates 
types of fuses commonly used in aircraft electrical 
systems. Procedures for installing fuses and other 
protective devices are given in Section XIII. CARTRIDGE TYPE 
18—4, REFERENCE SPECIFICATIONS AND DRAVW- 
INGS. 





MIL-F-5372 Fuse, Enclosed Link, Aircraft, 400- 
Cycle AC 

MIL-F-5373  Fuseholders, Block Type, Aircraft 

MIL-F-15160 Fuses; Instrument, Power and Telephone 

MIL-F-19207 Fuseholders, Extractor Post Type, 
Blown Fuse Indicating and Nonindicat- 


ing 

MS 1809 1 Fuseholder-Cartridge, Extractor Post 
Style FHN46G 

MS18092 Fuseholder-Cartridge, Extractor Post 
Style FHN47G 

MS24000 Fuse Holder, Block Type, 1-, 2°, and 3- 
Pole, 1l- to 30-Ampere, Aircraft 

MS24001 Fuse Holder, Block Type, 1-, 2°, and 3- 
Pole, 35 to 60-Ampere, Aircraft 

MS25474 Fuseholder, Cartridge, Extractor Post, 
Style FHN28G 

MS26572 Fuseholder-Cartridge, Extractor Post 


18-5. DESCRIPTION. 


18—6. FUSES. See Figure 18—1, Fuses used in aircraft 
are of two types: the cartridge type, installed in the 
electrical system in an extractor post style fuseholder 
or in fuse clips, and the enclosed link type (current 
limiter) installed in a block type fuseholder. Fuses 
commonly used in aircraft electrical systems are listed 
in table 18—1.by detailed Military Specifications and 
Military Standard Drawings. 


18—7. FUSEHOLDERS. See Figure 18—2. Extractor 
post fuseholders in accordance with Military Standard 
Drawings MS18091, MS18092, MS25474 and MS26572 
are used in conjunction with cartridge type fuses. 
Block type fuseholders in accordance with Military 
Standard Drawings MS24000 and MS24001 are used with 


ENCLOSED LINK TYPES 
enclosed link fuses. Figure 18-1. Typical Aircraft Fuses 
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1. Cartridge Type 


Number 


MIL-F-15 160/02 


MIL-F-15 160/03 


Style 


FO2 


FO3 


Fuses Used in Aircraft Electrical System 


*Character- 
istic 


A,B 
A,B 
A,B 
A,B 
A,B 
A,B 
A,B 
A,B 
A,B 


WWW >> yx >>> 


2 


>>> 
woo 


~~ 


wow 


> 
o 


DWI mWOWD rrp DOWOWTsOwnnnwsn >>? PP >> 


TABLE 18-1 


Max. 


250 


125 


32 


32 


250 


250 


125 


125 
32 


Amperes 
1/100 
1/32 
1/16 
1/8 
1/4 
3/8 
1/2 
3/4 
1 
l- 1/2 
2 
3 
4 
5 
6 
l— 1/2 
2 
3 
10 
15 
20 
>) 
8 
l 
3 
5 
8 
10 
12 
15 
1/100 
1/32 
1/16 
1/8 
15/100 
3/16 
1/4 
3/8 
1/2 
3/4 
20 
30 
3 
B, 
8 
10 
12 


90078— 1 


Char. A 


- 2 
-3 
- 4 

5 


ot pet et eet et eet eet Qt 


= 21 
~ 3-1 
- 4-1 
- 5-1 


- 7-1 


90079-— 8-1 


- 9-1 


Replaces MS Number: 
Char. B 


90078 ~- 16-1 


-17-1 
- 18-1 
-19-1 
—20-1 
—21-1 
—22-1 
—-23-1 
—24-1 


90078~25—1 


-26-1 
yy P| 


90079—20—1 


90079—10—1 


-li-1 
-12-1 
-13-1 
-14-1 
-15-1 
-16-1 
-17-1 
-18-1 
-19-1 
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TABLE 18-1 (CONT) 


Fuses Used in Aircraft Electrical System 





*Character- Max. Replaces MS Number: 
Number Style istics Volts Amperes Char. A Char. B 
MIL-F-15 160/03 FO3 B 32 15 
ee 20 
: 30 
MIL- F-15 160/05 FOS A,B 32 10 90081-1 90081-—8 
A,B 15 —2 -9 
A,B 20 -3 -10 
A,B 25 —4 -11 
A,B 30 —5 -12 
MIL-F-15 160/06 FOG A 250 l 90082-1 
A 2 —2 
A 3 —3 
A 5 —4 
A 10 -5 
A 15 —6 
MIL-F-15160/07 FO7 A 250 l 
A 2 
A 3 
B 125 1 
B 2 
B 3 
A,B 32 5 90083—1 90083—10 
A,B 10 -2 -11 
A,B 15 —3 -12 
A,B 20 —4 -—13 
A,B 30 —5 -—14 


*A Normal (normal interrupting capacity); for general circuit protection 
B Time Lag; for circuits containing motors, and circuits where provision must 
be made for momentary suges. 


2. Enclosed Link Type 





MS Part Number Voltage Rating Current Rating Type 

MS24124— 5 115/200 vac 5 amps A 
-10 10 amps A 
-20 20 amps A 
—30 30 amps A 
—40 40 amps A 
-50 50 amps A 
—60 60 amps A 

MS24125— 5 115/200 vac 5 amps B 
-10 10 amps B 
-—20 20 amps B 
—30 30 amps B 
~40 40 amps B 
—50 50 amps B 
-60 60 amps B 
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18-8. IDENTIFICATION. Cartridge type fuses are 
marked with the current and voltage ratings, style de- 
Signation and characteristic letter as listed in table 
18-1. Enclosed link fuses are identified with the MS 
part number and the amperage rating. 


18-9. GENERAL PRECAUTIONS. When replacing 
fuses in the aircraft electrical system, observe the 
following precautions: 


a. Do not use tools to remove or insert fuses. 


b. Make sure that the new fuse has the same elec- 
trical features as the fuse being replaced. 


CAUTION 


Cartridge fuses marked FO2 and FO3 are 
1-1/4 inches long and 1/4 inch diameter; 
fuses marked FO5 and FOG are 1-1/4 inches 
long and 9/32 inch diameter. Do not inter- 
change the two sizes, 


c. Make sure that the plating on all metal parts is 
clean and intact. 


d. Make sure that the wire inside the replacement 
fuse exhibits continuity. 


e. Make sure that the replacement fuse has no cracks 
or breaks. 


f. Do not force a fuse into a holder that does not 
readily accept it; check that a fuse of the correct size 
is being used. 
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EXTRACTOR POST TYPE 


BLOCK TYPE 





Figure 18-2. Typical Fuse Holders 
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SECTION XIX 
EMERGENCY REPAIRS 


19-1. INTRODUCTION. 


19-2, GENERAL. It is sometimes necessary to make 
emergency repairs to the aircraft electrical wiring sys 
tem at advanced fields, where a minimum of tools and 
equipment are available. 


19~—3. SCOPE. This section describes and illustrates 
some recommended procedures for emergency repairs 
to broken or damaged copper wires, shielded and coax- 
ial cable, electric connectors; and for replacing tere 
minal board covers. 


CAUTION 


All repairs described in this section are tem- 
porary, for emergency use only. Replace all 


BROKEN WIRE 


temporary repairs as_ soon as possible with 
permanent repairs. 


19-4. REPAIRING BROKEN OR DAMAGED WIRES. 


19—5. METHODS OF REPAIRING WIRE. Repair of 
broken wires is accomplished by means of crimped per- 
manent splices, by the use of a terminal lug from which 
the tongue has been cut off, or by soldering together 
the broken strands, and applying potting compound. 
Breaks in large wire (AN size No. 12 and larger) are 
repaired by means of terminal lugs bolted together. 


19—6. SPLICING BROKEN WIRES WITH PERMANENT 
SPLICE. See figure 19-1. When splicing wires by 
means of permanent splices observe the following pro- 
cedures. 


STRIP FOR PERMANENT 
SPLICE INSTALLATION 


eer 


RE-TIE BUNDLE 


oO ée (Oo 





Figure 19-1. Permanent Splice Repair of Wire 
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Paragraphs 19-7 to 19-8 


Note 


Make sure that only aluminum splices are used 
when splicing aluminum wires. 


a. Cut ties and work the broken wire to the outside 
of the bundle. 


b. Pull sufficient slack from the wire run toward 
the break so that there will be no strain on the splice. 


c. Trim the wire as close to the break as possible 
so that all strands will be of equal length. 


d. Clean the wire for a distance of at least one 
inch from the break with Stoddard’s solvent. This will 
insure the removal of foreign particles and debris to 
provide a good insulating surface. 


e. Slide a piece of shrinkable tubing slightly larger 
in diameter than the OD of the splice being used over 
one end of the severed wire. (See table 11l—11) If 
shrinkable tubing is not available a piece of flexible 
transparent tubing can be substituted. 


f. Install che splice as described,in section V, para- 
graph 5—63, and re-tie spliced wire into bundle. 


19—7. SPLICING WITH TERMINAL LUG BARREL. 
When a permanent splice is not available the barrel of 
a terminal lug can be used. 


a. Select a terminal lug with a barrel large enough 
to accommodate both wires. 


b. Cut off the terminal lug tongue. 
c. Prepare the wires as described in 19-6. 


d. Insert the wires from opposite ends of the barrel 
so that each wire protrudes thru the barrel 1/32 inch. 


e. Crimp the barrel in the center following the pro- 
cedures of section V. (See figure 19—2.) 


f. If shrinkable cubing is used, procedure as des- 
cribed in section XI, paragraph 11—22 applies. If flex- 
ible transparent tubing is used slide the sleeving down 
over the connection so that it extends about 1/2 inch 
past each endof the crimped barrel and then tie it with 
nylon cord at each end, 


19—8 SPLICING WITH SOLDER AND POTTING COM- 
POUND. When neither a permanent splice nor a ter- 
minal lug is available repair a broken wire as follows: 
(Seé figure 19—3.) 


a. Install apieceof plastic sleeving about 3 inches 
long, and of the proper diameter to fit loosely over the 
insulation, on one piece of broken wire. 


b. Strip approximately 1-1/2 inches from each broken 
end of wire. 


c. Laythe strippedends side by side and twist one 
wire around the other with approximately four turns. 
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d. Twist free end of second wire around first wire 
with approximately four turns. Solder wire turns togeth- 
er, uSing 60/40 tin-lead rosin core solder. 


e. When solder is cool, draw sleeve over soldered 
wires and tie at one end. If potting compound is avail- 
able, fill sleeve with material prepared in accordance 
with section X, and tie securely. 


f. Allow potting compound to set without touching 
for 4 hours. Full cure and electrical characteristics 
are achieved in 24 hours. 


BARREL DIAMETER 
LARGE ENOUGH TO 
ACCEPT BOTH WIRES 


CUT OFF TONGUE 
FLUSH WITH 
PRE-INSUL ATION 


INSULATING SLEEVE 

ONE INCH LONGER 
THAN TERMINAL 
LUG BARREL 


CRIMP WITH PROPER 
TOOL FOR TERMINAL SIZE 


STEPS d ANDe 


<o~ eng 
BNW 


TIE AT BOTH ENDS 





Figure 19-2, Terminal Lug Barrel Repair of Wire 











BROKEN ENDS OF WIRE PLASTIC 


SLEEVING 


1-1/2" 
APPROX. 


1-1/2" 
APPROX. 


“ POTTING DISPENSER 





Figure 19-3. Repairing Broken Wire by 
Soldering and Potting 


19-9. SPLICING LARGE WikE WITH TERMINAL 
LUGS. Trim the broken ends of the wire, and install 
an insulating sleeve over one end of the wire. Strip 
wire, and crimp an insulated terminal lug of the proper 
size to each wire end, following procedures described 
in section V. Bolt the terminal lugs together as shown 
in figure 19—4, Slide the insulating sleeve over the 
connection and tie securely to the wire at both ends. 


19-10. REPAIRING DAMAGED WIRE INSULATION. 
If the wire insulation is damaged but the wire itself is 
not damaged, repair the insulation in either of the fol- 
lowing ways: 

a. Dip che damaged portion of the wire insulation 
into a container of potting compound. Instructions for 
mixing potting compound are given in section X. Allow 
potting compound to dry in air (70° —75°F) for 4 hours 
before touching. Full cure and electrical characrer- 
istics are achieved in 24 hours. 
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SCREW OR BOLT 


WASHER SLEEVE 


LOCK WASHER 





Figure 19-4. Bolted Terminal Lug Repair 
of Large Wire 


b. If potting compound is not available, repair da- 
maged wire insulation by using a transparent sleeve 
of flexible tubing 1-1/2 times the outside diameter of 
the wire and 2 inches longer than the damaged portion 
of the insulation. This sleeving is split lengthwise 
and wrapped 1-1/2 times around the wire at the damaged 
section. Tie with nylon braid at each end and at one 
inch intervals over the entire length. See figure 19—5. 


INSULATING SLEEVING 
SPLIT LENGTHWISE AND 
TIED IN PLACE WITH NYLON BRAID 


Figure 19~5. Insulation Re pair 
With Sleeving 


19~11. REPAIRING SHIELDED CABLE. When shield- 
ed cable is severed it can be repaired in the following 
manner: (See figure 19—G) 


a. Select a grounding sheath according to instruc- 
tions in section II, paragraph 2—59, steps a and b. 


b. Prepare the severed ends of the cable for appli- 
cation of a grounding sheathconnector as described in 
section II, paragraph 2—59, steps c and d. 


c. Slide two insulating sleeves, either shrinkable 
or flexible transparent tubing, the inner one just large 
enough to pass over the grounding sheath connector, 
and the outer one large enough to accommodate the 
inner insulating sleeve and the grounding lead. The 
inner insulating sleeve shouldbe just long enough to 
completely cover the permanent splice. The outer 
sleeve must be long enough to extend beyond the two 
grounding sheath connectors as shown in figure 19—6. 
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SA 


Cia 


HU arignre 


LAAN Val 


TER, 
nd 


SECOND CRIMP 


TIE WITH TWINE AT BOTH ENDS 





Figure 19-6. Repair of Shielded Wire 


d. Attach a grounding sheath connector to one end 
of the severed wire per section II, paragraph 2-59, steps 
e through j. The grounding wire should be long enough 
to span-the repair. 


e. Install a grounding sheath connector on the other 
side of the break. Do not crimp this yet. 


f. Usea permanent splice to join the severed inner 
conductor, or use the barrel of a terminal lug when a 
permanent splice is not available. See 19~6 and 19-7, 


ge Slide inner insulating sleeve into position as 
shown in figure 19—6, If shrinkable tubing is used ap- 
ply heat as described in section XI, paragraph 11-22. 
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h. Pushthe free end of the grounding wire from step 
c, above, into the uncrimped grounding sheath connec- 
toc. Crimp securely. 


i. Slide outer insulating sleeve into place. If shrink- 
able tubing is used proceed as in step g above. If flex- 
ible tubing is used tie both ends with nylon beaid as 
shown. 


19—12. Analrernate method of repairing shielded cable 
is tobe used if grounding sheath connector as des- 
cribed in 19—11 is not available. The alternate method 
shown in figure 19-7 is as follows: 
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| Ge 





COVER WITH VINYL SLEEVE AND TIE AT BOTH ENDS 


Figure 19-7. Alternate Repair of Shielded Wire 


a. Prepare the severed ends of the cable for pigtail 
method of shield termination as described in section 
Il, paragraph 2—63, steps a through d. 


b. Use pre-insulated splice connector to join inner 
conductors as described in section V, paragraph 5—63. 


c. Use two splice connectors to add short length 
of insulated wire as extension to complete shield con- 
nection. 


19-13. REPAIRING DAMAGED SHIELDING. When 
the shielding braid of shielded cable has been damaged, 
cut the cable sharp and square, and repair as described 
in 19~11 or 19~12. 


CAUTION 


Do not attempt to repair damaged shielding 
braid by covering with tape, as it is not pos- 
sibleto seal off severed ends, and these may 
puncture the wire insulation. 


19-14, REPAIRING COAXIAL CABLE. Do not attempt 
to patch up broken or damaged coaxial cable. If pos- 
sible replace the entire cable. If this is not possible, 
install a matching plug and jack of the proper size and 
type at the broken or damaged part, using the procedures 
described in section IV. 


CAUTION 


As every extra connection in a coaxial cable 
means a loss in efficiency, replace repaired 
coaxial cables at the earliest possible time. 


19-15. REPAIRING DAMAGED MS CONNECTORS. 
19-16. REPAIRING UNPOTTED CONNECTORS. De- 
fective MS connectors which have broken pins can be 


temporairly reqpaired in the following manner: 


271 


Section XIX 
Paragraphs 19-17 to 19-19 


a. Where it is possible to get at both halves of the 
connector one of the spare wires provided may be used 
by splicing the wire from the damaged or broken pin to 
the spare wire following the procedures of Section V, 
paragraphs 5—63 through 5—69. This procedure must be 
followed forthe wire leading to both halves of the con- 
nector. The unit must then be marked that this repair 
has been done. Replace both altered connectors at 
the next major overhaul of the aircraft. 


19-17. REPAIRING POTTED CONNECTOR. Potted 
connectors are equipped with spare wires on all spare 
pins. If a pin becomes defective the repair is made by 
cutting the wire leading to the defective pin and using 
apermanent splice (as previously described) to join 
the wire toa spare wire. The mating connector must 
also be so modified. 


CAUTION 


Tag both connector halves with complete in- 
formation on the modification. Replace both 


connector halves at the earliest opportunity. 


Ifa spare wireis not available, itis possible to replace 
pins in potted resilient connectors which do not have 
metallic back shells. The following procedure should 
be carefully followed: 


a. Cut away the potting compound (sealant) with a 
thin knife blade or scalpel. Use long nose pliers to 
pull che sealant while cutting. Be careful not to cut in- 
to wire insulation. 


b. Carefully scrape away sealant from defective pin. 


c. Use a small (pencil) soldering iron or a soldering 
gun to unsoilder the wire lead from pin. 
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d. Use long nose pliers to pull pin out of resilient 
insert. 


e. Solder wire to new pin and push pin into insert 
from rear. 


f. Pour new potting compound into area of repair 
and air cure at room temperature for 24 hours. The new 
compound will seal satisfactorily to the old compound 
remaining in connector. 


19—18. Occasionally a wire will fail inside the potted 
area of a connector. When the connector has a back 
shell, slide a thin knife blade around the outside edge 
of the sealant and unscrew the shell. This may take 
considerable force, depending on how tightly the sea- 
lant adheres to the shell. Follow the same steps as 
described above to reach the soldered conjunction. Do 
not remove the pin, but solder a new wire to the contact 
and repot the connector. 


19-19. REPLACING TERMINAL BOARD COVERS. 
Wh-n a terminal board cover is lost or damaged so as 
to be unuseable, cover the board temporarily witha 
piece of large vinyl tubing, split lengthwise, and tied 
securely around the terminal board. This procedure is 
described in section XIII, paragraph 13-52. 


CATUION 


All repairs described in this section are tem- 
porary, for emergency use only. Replace all 
temporary repairs as_ soon as possible with 
permanent repairs. 
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